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"PGT/€A98/ 01011 TI TLE OF THE | NVENTI'&W! Met hod for C eaning Tubes
NAME OF | NVENTOR: Ol ande Sivacoe FI ELDI@BS*THE | NVENTI ON 10 Thj Sl nvention
relates to processes and apparatus used for M@H\;ng tLﬁ)ﬁs,AP&ajZ@Zcul arly

t ubes of -a %9@{343 ACKGROUND OF THE u‘mmm ters are “??ij/cjﬁs/omn
petrochem cal 1'nstallations 15 to hea a variety of purposes,

typically to break apart |arger hydrocar b®wodl ecul es into snaller
nol ecul es. The heaters contain tubes, up to and even nore than a kil oneter
|l ong in each of several passes, that pass first through a convection

secti an of fyfiaatey s HIAARAGN N1 Qo Ad Adchigla 2851 E9BanbUY Aankse the

heat er tubes gradually becone contanm nated on their | nsi
contam nation, typically coke, tends to degrade the efficiency of the

heat er ovemAMRT®RNNRATEYVLUrIAHde GBUSRJIhe heater to stop working. 25
Various nethods are known for decoking heaters. In one nethod, the heater

i s shut down and steam cl eaned with high pressure steam In another nethod,
descri bed fRIEIEXaOHITHE INUBNEIDONSt at es patent no. 5, 3S8,573 issued Cct ober

25, 4, by the sa | 5 .t he | d n ' W th
appe# ages run throﬁ Jir%g?ﬁk{gglité%guﬁ%?%% tjioz pgbgfﬁ%%lsnggﬁogﬁg?gégﬁﬁod,
descri bed jupadhifiaxt cdeamEnp s nparsited agly itadesd ofeler dwmatens, 1993,
the heater tubes are treated while the heater is in operation by injecting
solid particles of very small_size into the 35 heater tubes, recovering the

sol i d part iIBACKSRAUN O FHER (TN TION r cul ating the solid particles back to
the inlet of the heatRfatersl dre Udled in .petfodREn2EPP instahP9bR8438

PCT/QQQB/O%E}lhgat fluids for a variety of purposes, typically to
break apart 1larger hydrocarbon molecules into smaller
molecules. The heaters contain tubes, up to and even more
than a kilometer long in each of several passes, that pass
first through a convection section of a heater and then

20 through a radiant section. During use, the heater tubes
gradually become contaminated on their insides. This
contamination, typically coke, tends to degrade the
efficiency of the heater over time and can eventually cause
the heater to stop working.

25 Various methods are known for decoking heaters.
In one method, the heater is shut down and steam cleaned
with high pressure steam. In another method, described for
example in United States patent no. 5,358,573 issued
October 25, 1994, by the same inventor, the heater is shut

30 down and pigs with appendages run through the heater until
it is clean. In another method, described in United States
patent no. 5,186,815 issued February 16, 1993, the heater
tubes are treated while the heater is in operation by
injecting solid particles of very small size into the

35 heater tubes, recovering the solid particles at the outlet
and recirculating the solid particles back to the inlet of
the heater.



Use of, pigs to clean heater tubes is very - effective since the pigs have;a
r obust Scraping action. _ Heater operators in South Ag{aﬁigﬁR\éﬂﬁzhave used .
the inventor's nethod described in United States pate no', - 3S8, 573 .
have asked w8@ohiaygntor to provide cleaning of the heater typesQ¥oRii¢S
while the heater is in operation. The inventor has solved this problem 1In
addition, since in many heater tubes tenperatures are far higher than
conventional polynmer pigs will withstand, the inventor has 10 identified a
need for a new pig for cleaning an operating heater, and a nethod fox its
use. The inventor has thus cone up with a novel solution to the problem of _
provi ding a heater cleanUag opkr agtigm by usilegnpigsawbr| etabbeates i1y
operation. 15 E?fe %@gRgiQFeTN§m1N§E§!|G§vgtéf%éghgéjggga En mé%t'o .
invention to provide a novel pig, apparatus and process t0r piggin Ubes,
as for exanpl eHeabes oPPerdeater irev&euihi | Amprifs opbeat hage 20sed ithean
obj ect of this;hp¥gR6L08 2BV s @ IBE N0 aeh izRar &t dise & ObaPeadl b an i
operating-heater. It is a further object, of this inventign to _provide a pig °
| auncher and recéPder’EoRA¥EL €t??<ier°? ﬁ%‘real’rré‘TEWQ% tALPRGVIFRedeandnS IS e

i s provided i ntRecChesasceciubéd 2p s agpcd tife Heatdweind i 00 cpamidiach of

cl eani ng tubi ng in, an o.gergit)i n?s gevat E:hii n Wnkgh th nt u(%'%n?. has an i nl.et

and an outl et, PR RET RO arﬁ) %SG, “and BF@ Fabl v r artqy %Jhréc%tlébs
of : (A) whil e mnaryhehesters tnbeper aemperatunasngaze30 fpiry thighegh ttdien
tubing fromtheg.j . s .11 B)s { n o] t

i nlet, preferag?{}o%ﬁ%ﬁgﬁ?%t ?%%’El%lg?g lrlc]ha)rlet:rﬁ%erg%'b%n%@ﬁsrwﬁl eét}ra y in
par al | el 1@onnetdeBhiféeehe RegteforuBi A§W Pip WReroglg3agddg-'anr|cpsgRtsing 1
~ a A~~ zaaz hBa8E£0r daace Whdthaed f Bbi hetsaspect e t DavEAVERt haR, thdpost
punp is connected to the return tubing via a boost pu connection pjpe to
provi de pressuf8"FoPPr ¥LEPnPngoVRe FPIUESCPNEC ﬁF’@t. rg%lﬁ*"hé’ PIECE M h a
further aspect adiedther idMearimgn operpitg cas byauathgdpigs owlike 0d Hdwer dreatser

t ubi ng and their eé{géga%yghng by use of a pig | auncher nounted parallel to
the one of the*hedrerotu I'hg and the return tubing. 10 In accordance with a
further &spect of the invention, the nmethod further conprises renoving the

pig fromone of Pegf etk Uphvenafet he return tubing with a pig receiver
nounted parallel to the one of the heater tubing and the return tubhing. 15

in accordance with a furlheiSadpe@PISCt: If ithisht 1BYENBISRN§Pe PESHBESRed pi g
| auncher and rgeeéyepidlngpponscds e fiichd suIFde pidifi idaybeg I eceifers
in accordance with @ fergher gsge%t of the inventjon, the returg.tubi ng is
closed by a reftPPYEI TBOGRI P FHRERTET1 sSYTMnTIMGLE ntoubf PRE:AELPe:
tubing, and the return vatveési snopbiedtafaferciire jphrgepaserstohprivaste punp
connection pip rag%% 1 ] : I tiqan,; 4 he
return tubing lﬁ%tﬂé?)%ﬁ%%?e to tdﬁdeé gl?’?] é?bg?ﬁééﬁ@%@%%&Q%é%wﬁhcw&rﬁ
and an outlet %alfrthepr oBIgsE afft H bUt LEVERSHPSt r E9m BFOYRES| tthcHidh,

and the nethodyfupther SRAPFEEESvéREcShEOCcOEd ClRSpaEal hel owitRt tiBing. af ter

t he pi asses the boost _pu connecti on pipe. . .
Prg p Tﬁeggfore, tﬂere spprovided in accordance with

25 one aspect of the invention a method of cleaning tubing in
an operating heater, in which the tubing has an inlet and
an outlet, the method comprising, and preferably repeating,
the steps of:

(pn) while the heater is in operation, running a

30 pig through the tubing from the inlet to the outlet; and

(B) returning the pig to the inlet, preferably
along return tubing, which return tubing is preferably in

parallel connection to the heater tubing.



In accordance with a further aspect of the 30 invention, when a pig enters
the inlet to the heater tubing, after passing through the return tubing,
the return valve is closed and the outl et val ve aiﬁﬁﬁggewﬂ‘ln accordance
with a further aspect of r: invention, the nethod her conprises the
steps of: , 3 p APR 2002 WD 99/23438 P 98/01011 4 nmonitoring the
tenperature at the outlet of the tub mhen the tenperature at the
outlet of the tube indicates a degr%ghtlon of efficiency of the heater

bel ow S a given set point, running the pig through the tu gaeclean t he

t ube Q@hﬁmﬁthe heater is operating, There is al so E%eMtd cordance
wi t WOn aspect of the invention, tﬁe pigis Yﬁﬂftﬁ rmM? ng after
contam nant (e.g coke) has formed o tbe ‘H%lde ek ﬁﬁg io ubifoy but before

t he contam nant has har degg Jhe’ erduﬁﬁl ng‘ih ﬂmﬂﬁ“fhr ough t he
tubing after coke has fcalo ™on i Q;qfﬁ‘:ﬁ e Oofgdre Ubi ng but before the
coke has hardened % ﬁr@m\@/ repe lqﬂa fr‘h a further aspe eh®t he
invention, the t énlr‘?t sectl on with a_tipest anel and a
second se (ye:IFFWth anapoﬁa di rreﬁéﬁ"*atnd t @jfls %a»camy expandabl e
for cleanin lgiothlmoﬁ‘ﬁe firgtean sec Reh séct onso Itrh%l cor daq&mﬂ'&l a
further a¥péct of éhma RVént Bgﬁcet re, |§opo©‘%| u £upP ggi ng

heat er 20 {émm gﬂ thﬁl Pe hqﬂﬁbr tubanghﬁa§|ng i nl et
tubing and outlet tu n% tLHNJgpI@ conggﬁ ed 2B the inlet t ubi ng at
a firsf junctio %%e‘ﬁygkﬁt'ﬁubl gage¥ a second junctlonﬁ Atb@ost
punp i's conge¢ee to {uxﬂnﬁ bth@ %y a boost punp 61 Pig
25 launchin dﬂﬁéce|V|Q?eeqﬁ?pnent i S connec qukﬁr Pating ngﬁbf plgs
into and rerfoval 1p¥%s romthe heate tuml and rfﬁmnﬁ% blgg;hAﬁ

outl et val vepd® %r ovide on the yﬂéeet"’ u ‘dgw:ﬁﬁrea oéun secqng
junction. A Khﬁﬁﬁ@blg trlpaeﬁO g kgmch) ouet%f t ubiyg defithst r eam
of 30 the boost punp cdﬁhect gﬁhp p Arkf valveoha ﬁ#OVIded on the

return tubing. A secopd wh§ tr| ? royi desl We&r the inlet tupingme or
detectlﬁé whe ﬁﬂvé“ﬁig I€§ﬂ%k0 0 tggxahﬁﬁét tubing. | ' jedt WBX99/ 23438

3 0 APR 2002 PCT/ [GAEBECY OL | ced . ping- furthe recedy
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plg re che re Wlt . 1a\1ﬂ
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In accordance with a further aspect of the invention, the pig |aunching and .
recei'vi ng equi pnent conprises a pig | auncher mounted par alj'zrﬁ2 to one of the
heat er t ubi ng and the return tubing; and a pig rece# ﬁerAPﬂ nted parall el
to one of &er tubi ng and the return tubing n accordance wlth a
further aspec? the invention, there is provided a pig | SGAGHEF O

recei ver conprising tubing in V\/m ch fluids may flow, and a pig 10 | auncher
and recei ver body, the pig | auncher and receiver body having an interior
cavity for receiving pigs, and a notive f4uid inlet and a notive fluid i
outlet, and a door for renoval of pigs fromand insertion of pigs into the
pi g | auncher and recei wehikedyindA dhas keimpesrgiumd dad the thec pég 46 tmrencher
and receiver é% for hol ding pigs. An inlet pipe controlled by an inlet

val ve, prefer e%// ree way full port valve, is connected to the tubing

at a first |j unctl on andrlrwtmnnﬂtﬂ edenpetadmimomt ave theuicdtileitetaf Arheauthbe pi pe

control|ed by {idefla R IAD S ALLINRS, WY (| ndQeOMbe¥auve: -

is connected to the tubl ng "at second junction onnect ed
fluid oftl et 2 PFEYeR aBeY, Rddthot FWRN¥Ng) Bheuttiset Hperude &bei vabdd utd

inlet are | ocatRh %theorzm R&zﬁ'&d%kﬁf thQe'rntl%r 'dyexﬁ%\ihby 25 The pig is
preferably a mesh forne rom a tal wire, may be a_tubul ar, nesh. The

tubing is preferably tik @gh’r? & §é’ne¥lr°‘6\}‘??|‘3utmda?1%‘§)%r@%mf?lewr%§thal anf the
t ubi ng, bef or@pRctedl kthe Wnienpigni, Sthenplgr nghuhhtenfonbgngthé%ﬂaﬁﬁg i's

al so provided Jn_acco dance th _an ct t he, i nvention roved
pi g nade fror%tjélelfog?n BF“éPSP bl(egho?l?oﬁ/%m ?%Lﬁt%ﬁd & Eg‘ stlnFﬂi 8n8 EPLRd
cross-4écti ortubdng buw teifore t&becmtamlmmplhtag ddgdened .t he out er

peri phery of the body. {R.efarablys Fsn agh g,56d0¢ 9 438 3 0
APR 2002 PCT/ CA98/ 01011 6 tﬁ%p | on %%u I mal gsg %I%h%h t\@% guﬂ)i:‘ré&rray

be in the foRAtET LCHERhhaghi pB MQtéHSb?levmfent}éﬁ IEh’@tltI@d Bl may

be tubul ar. Hgd¥ed the @mfeem@ marra@heal xsew@&abqyugeb@attwce its fully
conpressed radi us, and rraé% an exggn#rgho force jt aIIy out war d.

The pig is preferably Mad f“r& ESFFPE ﬂa%?ﬁ%“%l%fy fafubing
Cross-d4eacti othasThe pigsts s@mfmmbm':mnal el treditamdt et ahd JUcHecord g is

capabl e of cllg,eea(__lntléng1 o‘pegﬁsltl n%ejc a‘%eéﬁ?e %hgg& igH'reb#ate degvadatbi)y and

is capable o ng operatln ers aV|ng varia sitzed
Accor di ng t o epaasiabde 5bracheah@ugd:ﬁotﬂh¢hm\femsutonndtm@nﬁsﬁwmmd a

met hod of cleaning tubippg SQEFBE:liﬁhEQ thecist ep Ayt NgsReBty HAVI IR a
scraping 15 action through the tubing, wherein the scraping action is

caused by scrayiendiofgedhsre He RRVIIss: iaRRatAtS thar &3@91%&&‘%% to

fﬁrt heQr(])aSF)e?:ﬁﬁal(hIg tie ﬁnlt lbpé:«ahhae Hel’a\t@?:tl Otlhet?eaﬁég It?ﬁu@igﬁ r%x(r)mge of

t hese char act.er.l IC 0 or 0 a rerera

bt an ) ras oy bhbingo apd, tulf FER kubins - 08Byt Aubig f Retpdiher

| ongi t udi nal t@dgére iofl ed \MubangAcatoradlﬁlgrstto Jurfairiidrerareb pecttied ¢wiel etet hod
f th | t ' t
0 e i ”Ve”tt'u%’l)ng; %t%hge%te%{?déf ﬁ:g?l%% W e dde 'ﬁn&ﬁefsa ddMhe AGEPTEI NG tO

a further aspect the inventio pig iIs run through
t he tubing rébeat@iilet tubing by a boost pump connectlon pipe. Pig

25 launching and receiving equipment is connected for
launching of pigs into and removal of pigs from the heater
tubing and return tubing. An outlet valve is provide on the
outlet tubing downstream of the second junction. A first
pig tripper is provided on the outlet tubing downstream of

30 the boost pump connection pipe. A return valve is provided
on the return tubing. A second pig tripper is provided near
the inlet tubiné for detecting when the pig is close to the
inlet tubing.



Accordlng to a further aspect of the nethod of the invention, the pig is
run through the tubing after contami nant has formed on the |nS|de of the
tubi ng but 30 before the contam nant has hardened. éﬁo Eknmzo a further
aspect of the nethod of the invention, the tubing i roughly

cl eaned by aW Y2348 for exanple a poI ymer pig with embedded lf@f/ﬁMWQ!O“
scraping elenents, with a robust scraping action. WO 99| 23438

PCT/ CA98/ 01 O11 3 a APR 2a02 In one aspect of the method of the invention,
as the pipe pig progresses fromsnaller to Larger tubes, the pig radially
expands within the tube, while maintaining 360 cleaning coverage of the

tube. 5 These and ot her ects of ,the inv ntlon [ cr n t
det ai | ed description of tﬁ@ |nveh¥?%ﬁf%u1 c alned€?§t€§§ %ﬁéké i] the

fol |l ow. BRI EF DESGRMPIPEON OFtheEE M\Aﬂmcmnmeaedwmcemn& @mw@@d
preferred enbodj aﬁgﬁ gé ahg, ‘ﬁ%ﬁﬂ{ﬁémmh&GnEééegSBﬁgléQ e SHAWRIE DY

way of illustrat y_ an e Intenti limting the scope
of the |nventloheaFﬁrmﬁPPHnBIé?quﬁﬁ?argtﬂéﬂoﬁébPPEe éréheht BigndeceiNgitch:

15 Fig. 1 4s a f60eF8d i FasiDIeNGd e"BENEhe Ohe 2PEF Al UWINPlarkD RN R ESIrn
cleaning of a heater while the heater is in operation; Fig. 2 is a section

t hrough a conbi 1 B8Py | auncher and receiver that for exanple may be used
in the 20 operation of theni nvemdidarice Riigh 3a|sfarsher|cnspéntnuﬁf a tjhieg

that may be used_ dur th ratiq f. nve Lg.
bor spective vicorotntihy | EodRElTe Brelidh d WD 1haitd afld' Feleiver
25 Fig. 4A is acomprising auvbimg kmi wmm f:bui@ls bmayseflow; makd tdeppag

of Fig. 4 @r F'ﬂa%ﬂchg%ganéBrbEeﬁvgftBbh tﬁesggangabﬂbhe sgd tgegg&%e&he

pig of Fig . I's a perspective view an expander use
with the tubul alpo%sham-ggoﬁmulggemogndzamtm ngISB"?%EJaVJﬁEH spEEsi vandi aw

of the expanderngfivégdriadal Ashde %Bﬁ %MQ%hﬁWé“¥¥hﬂH(bﬁEléﬂ9 afid E'ﬁoo@c

is a perspective view of a further t o raom a
P P for removal of pigs from angegnsertfgg!ggiplgs into the pig

launcher and receiver body. A basket is provided in the pig

15 launcher and receiver body for holding pigs. An inlet pipe
controlled by an inlet valve, preferably a three way full
port valve, is connected to the tubing at a first junction
and connected to the motive fluid inlet. An outlet pipe
controlled by an outlet valve, preferably a three way full

20 port valve, is connected to the tubing at a second junction
and connected to the motive fluid outlet.

Preferably, the motive £fluid outlet and the
motive fluid inlet are located at opposite ends of the
interior cavity.

25 The pig is preferably a mesh formed from a metal
wire, and may be a tubular mesh.

The tubing is preferably thoroughly cleaned,
without damage to the metal of the tubing, before a
metallic wire pig is run through the tubing.

30 There is also provided in accordance with an
aspect of the invention, an improved pig made from a body,
preferably hollow, circular at least in one cross-section
to fit within a tube, with scraping edges on the outer

periphery of the body. Preferably, the scraping edges are



3 0 APR 2002 WD 99/23438 PCT/ CA98/01 O 11 8 Fig. 6 is a section through a
wire thread used to nake the nesh of the tubular nesh pigs of Fig. 4 and’
Fig. '7; Fig. 7 is a perspective of a tubular nesh %&pin 5 which the knit

is at righ to the knit of Fig. 4; Fiyf APRs erspective view of a
woven tubulk‘é(?gﬁggﬁg pig; Fig. 9is a schemati%gshowi ng a firSETEABYOhent of
an apparatus for perform ng an enbodi nent of the nethod 10 of the
invention; Fig. 10 is a schematic showi ng a second enbodi nent of an
apparatus for perform ng an enbodi nent of & he nethod of the invention; Fig.
11 is a schematic show ng an electric 15 injection assenbly for use with

the apparat ustak RichgitRidiniad. eligelss of SCheimé | CTREOWIRG Fmalyhided arbagd ment
of an appar at %s foreegerfor i ng .an .enbodi nent of tge nmet hod of the

i nvention, whi-@fiMuses % POt ra"rb’i‘ff‘ i Pechr FNEFGed1 9T FOY St et Rt &Hdwi ng
a fourth 20 eahddi negt bk atubppar at UBhé orpier fs e Ber by di redia oy t he

met hod of the [ [ x f (,9 10 L, d_Flgs.. 14A, 14B,
14C ‘and 14D aforpees U1 §F AL et Budny kebBensBll -diny 4 witw
and fronb vi elauk 25 gxperndey ta) doree fidr nasd adilph aevaphbartaupid ¥ gs.

12 and 13. DEFACEERBESCRIA Qe Ca PREFFRRER. EVBAR MEAPShFebesdnigdia i 0.
1, a heater 10 nmay contain as 30 nych as 10 kil oneters of tubi'ng “qr pllge
runni ng t hr ouGKOESCERFEALPPoN et PF ahll PTHBLARL % etdTetYonade; Riet

tube 12 to anmeutuhet tube 14 in several passes. Details of the heater are

t sh [ th i gs,intended f l.icati t LSti :
‘nstal lations, the genePFiT = PAE obf o6 RBR SLemni BlodRRiAt Y
const rudli on bkawkirsh witheeilt| ikmediatEhelgmpdstion ended 'isf arapalbdaniof of
t he tubi i t pke flui [ 3 is.f ' h th

e tubing | nﬁg@snpgg t%gﬁggﬂﬁg h&!hgﬁ%' H9v1n869%gfﬂi§_§yT%g\é‘gpgtLBEB‘.Jg €

heater fromt I'n “ to the outlet~tu eani ng may be
effected by a 5 single Ppassrdepgated i ediResdt yods pequeéthdd The tthee

peri od betweeRnpassesndenperds A thevidld of fephsd Bﬁmcl:?sl#di%gjlfbuﬂﬂnd s
e

preferred to begin the process with the tubes clean, and thus ore
est abl i shi ng ES%‘PFFIE&E?@ ﬂig“(’fgi%"ge%ﬂfe TR Ncht r DY | PAVHRY afi GIFTaRING

preferred action through the tubing, wherein the scraping action is
caused by scraping edges on the outer periphery of the pig.

According to further aspects of the method of the
invention, the pig has one or  morxre of these
characteristics: hollow, metallic, formed of a (preferably

20 tubular) mesh, and having scraping action caused by edges,
preferably longitudinal edges, of a wire.

According to a further aspect of the method of
the invention, the heater is cleaned while it is operating.

Accoxrding to a further aspect of the method of

25 the invention, the pig is run through the tubing
repeatedly.

According to a further aspect of the method of
the invention, the pig is run through the tubing after
contaminant has formed on the inside of the tubing but

30 before the contaminant has hardened.

According to a further aspect of the method of
the invention, the tubing is first thoroughly cleaned by a
pig, as for example a polymer pig with embedded metallic

scraping elements, with a robust scraping action.



10 ;d.cLean the tubes thoroughly with repeated passes of a pig while the
heater is not operating, since then a very robust scraping action nay be
obtained with a polymer pig having netallic scraping el enents enbedded in

t he polyner pig. Polynmer pigs are shown in US patent no. 5,358,573 for 15
exanpl e. Car & 34¥e taken not to damage the tubes while doi RgT/CA88/01011
scraping with polyner pigs. To enable automatic operaﬁi[pmpn ng system
according to an enbodi nent of the nethod of use of the pig, turn tube
formed of tubes 16 and 18 in parallel with gp the heater tubes is provided
between the outlet 14 and inlet 12, wth a control valve 22 on tube 16 and
return control valve 23 on.t bogs u o) 0. I 8
connected to supply boost riPI glng %gp'taﬁ\é ?gbgéhgél.@%&g?/p%?sgtl{?%bjzﬁ\é%%?%h Aa o)
fornms part of tlﬁgxeo@tllp@t PiGhiP¥eIrE seesalfaen emaddiead Hon Laaraay diukes t Hehe
boost pipe 28 behweamdhe wbexdbndndwerhhiat dife Audél Vehiddel Sudiovd dethen
tube 14, and an outl et valve 25 is provided on tube 32 downstream of the
junction bet weedPRectGB8iNg SAYSFESEr At GBPN§UPS: Trippers 34, 36 and 38
arg gr8 ovi ded on tubes I14, TBEs¢6 Al &;Blﬁéesl&?{iéd@ YyofThehd r ippens i34, afe
an are convention pi. i pRer s. t .are activate en, a_pig. passe
them Tri pper  38eersdpachet bhaPdstEited adberEsHiAR SO BT A p i BT
18 with the inl eflatimedngnl2he cBadmaPEN@00Z011v¥®. 99/ 23438 PCT/ CA98/ 01011 10
Close or near in this context neans in position where it can be determ ned
when the pig enters the inlet tubing 12. - This need not be at the junction
if atinmer is uBRIEENBPESCRIBTEKANWAFhEHE| BREWINGBakes for the pig to travel
fromthe §otripper 34 to thgybupeli HbuPber BELER LRI Stk ASrAOE dribiddHlig

12. Tripper 34 should be located clqgse to and upstream of the pig [auncher
39. A conventioR4l tBegineeRtieR. 34k raferanse to the dupuings; nPyaray 14
by tubes 40, 42 iandse]glatﬁghl @‘ﬂxfl abd \tﬁia/exsihéﬁ,cﬁé %ﬂdeﬂgioﬂ@fpanﬁhil@ng
construction permts ui d_t ow ei ther throu .t ube or. t i
ecei ver 39 dep&hfi BGOB Phe ChEs APYEREAGRof LhaTIaR, dd s Puppr S Slers g
receiver 39 is ddk&d kdemeanvvahdoinpwhscheom the tube. A conventional pig

| auncher is attached tg.rhe 15:¢{u i r.al t S
controlleégby val ves 53, Eﬁgénd'Sﬁg %ﬁe%%gfgﬁﬁg é%ﬁgfgﬁ%t%%% p@gﬁ?gé fTuid
to flow either ppeyaghonheof upentinweus helgagingureher 4eakgenwhageorthene

positioning of Lhgrual ¥eSin3ppafaPiony: Pi g launcher 49 is used for
| aunchi ng of pigs 20 into the tube. The pig | auncher and receiver nmay be

connected to any tube thaFifennect® i@t ceFelembddrengh 42 1608P1Red” I i s

preferably on onguathkkeahdbescé2vet4thib @brl@xadplal maknald Wesdd Gn the

| auncher Bd receiveg.designt§5 LS. shown in Fig. 2. In this enbodi nent,
there is g ovi dE8S53ERBI REA PP g* PRGREHRP 7 and receiver 80, that is nounted
parallel to a set of tubi B§g823i nsna chettiods timrpufhow mig chhaty mbygr be

exanpl e be the hgggtdggiggtkﬁg gﬂg%g?ig thgﬁée£n9énif return tubing 18.

The pig | auncher and celver’ s formed of a pig launcher and
recei ver body 84, having Bagint eid G PexvpeFtayef yieyveedi & ik g tubular

Preferably on oppasedigi desophihferbNtRE| PhvEAViLY ;86 there is provided a
nmotive fluid inlet 88 and_a notive fluid Q%Flet 9?= A door 9 is(PrqﬁJQFd
for renovaP of pigs from Fi9p 48 pmgefpil of a first knit that cou e

used to make the pig of Fig. 4 or Fig. 7;

Fig. 4B is a detail of a second knit used to make
the pig of Fig. 4;

Fig. 5A is a perspective view of an expander for

30 use with the tubular mesh pig of Figs. 4 and 7;

Fig. 5B is a perspective view of the expander of
Fig. 5A inside the tubular mesh pig of Fig. 4;

Fig. 5C 1is a perspective view of a further

embodiment of pig made from a wire;



~ 0 APR 2002 PCT/ CA98/ 01011 and insertion of pigs into the pig |launcher and
recei ver body 80. A basket 94 is installed in the pig |auncher and receiver
body 80 for holding pigs. Except as described agqe Qﬁmu?esign of the pig

| auncher aq&o9ﬁ§ |ver follows 5 conventional d dN? nIe&Hp e 96 is
connected t P8bing 82 at a junction 97, which is preferfGABEHIped
but nmay be T shaped, and connected to the nDtive fluid inlet 88. An outl et
pipe 98 is connected to the tubing 82 at a junction 99, which is preferably
Y shaped but may be 10 T shaped, and connegted to the notive fluid outlet
90. Athree way full port valve 100 is provided on the inlet pipe at the

junction 97. A three waypi |l DOy ty ‘é%'c‘é%o%oghkéuﬁhoé('\ﬂﬂje%f@&i QHdLle Pi pe
at the junction 99. trip 104 is grow on"the tubing 82 upstream of .

the pig 15 | adh%’ﬁ%rt]aﬁdmﬁégePgthSOtu HiéraF‘FéF‘nBPWeOSl §iPauficRed Fi@-
recei ver design; works as follows. The three way full port valves 100 and
102 may direct flow and g,pig,carried by the flowinto |, auncher and-
recei ver 80 or around thglglglla%n%k%?r G & elé\/&“bégatrﬁ dhﬂlt?bllﬁ’g ‘
82. Wen She heaieh theikgitsimoatbeigigt cheshes, tortlke plmgltsof)pr@ss«t ng the
pi g | auncher and receiveg; 80 yalye [ n htion
(tubing 82 is open). V\he?]lg g £¥ q éggﬁgggt%—tgémggﬁ %ge SR”PSIQ etgl?%l%

t hree way val vessh 0pigand 102 are 25 pl aced into right position. Wen the

tripper 104 signals a pigidasy afdiyedmdndthie @rﬂ;dla@eheru%&deﬁreeeweht80
the val ves 100 and 102 return o | ef t ogen POSI ti One conbi ned

| auncher and r@keAN eFPPRTRLER) ian & igent3®f r?thé‘eﬁg‘Pﬁal
oper ati ngo condvf i e ihicentidh; 12 is at a lower tenperature and higher
pressure than the outlet_l4 ahg wi.t h no méb‘ the e*ste val ves 22 .and
25 are open, and val ves 2 and34 ¢Pos&d, FAtMATihg FrOWPAr ofigh SEGHES 14,
16 and 32 whi cémbbogenéet éHran a—:rppmtd'@ts OO f2343Hgl 2n3 efhbaPRm2ed®2 of
PCT/ CA98/ 0101 ene i g, 1o operate the systemw th a pig,
apigis |njeg%e%q?§t% |ﬁ% %ﬁé roug%fplg | auncher 49. To do this, valves
53 and 54 on tubes 52 anBi%0 rlidspdd i Rel ychematigsahowing Pl velB5tFACt ube
12 open.id\ pi ginPyct D6R Rsdemipl RCLSr i llsd hﬁ&lﬁlﬁ}@%[ piratMad ies Py anth 54
are opened, and then val e 55 on tube 12 is. cl forcin he p| into
tube 12 and into the hea 1F e priematis ? w*ﬂﬁu@at H@nf4
and since val vef %iappémads ﬂdne P Aasises anemblodimeti a:rfdtlhrel methodpper

36 which is 10 ed ) . on of the
boost punp conn%ec |%nl%?&égéan?hf%h@?g%%géé%%#rﬁnej%{%é Tips
tripper 36, valves 23 andi®4 a2 opsned \adhemat2ZT arsho®inge 8l ofeurshd

boost pup 26 dmbShARLRE of N %ﬂ:ﬁré}ﬂ{@ £2% e‘%‘f'o@%ﬁnlgh%nr e%beeq\el%ee%ure
to force the 15 pig to return to'the inlet 12 past tri . .For an

exenpl ary inl e'ih‘?)r'@'%EUP@ Bf 186 paVeHR@TONT I 7 53 ’éYoPiﬁléné§Ft°Fhe
boost punp pressdre is 200 psi. Wien tri pper 38 |s tripped, boost punp 26

is shut off, valves 22 d 25 23 and 24 are 2

cl osed, thus conpleti ngaf)r% cygﬁg aE? tﬁ@alal i I%r%l 6238?8{3 \é?g
shunted aroundfihet syrsd emeaut dogt Neahvl,ysechndvemd!evn@l iandk dptorgpamn eand £

val ve 44,¢l osed. . When. i tohsodgsi red LR AR d IS dspmdhe syskegs. fob
exanpl e4%§ |nsp]eéé‘t9?o prtﬁe pi gs, upgn tri p&P{ng céﬁﬁg pper 34 ggga 25

pi g, valve 45 3”dcldsed, and val ves 43 and 44 opened, pernmitting the pig to
enter the pig | auncher. valve 45 may then be opened and val ves 43 and 44

cl osed, and the nmay. from |.aun her h,of the pig
Iauncher 49 an%E"EAgLIFHB 'ft‘) fg—;g{@g %%rr‘%Pa"ﬁl‘ﬁn":gi 'Jh%l pressure gauge
60. The basket -_ perm tBeféxnind| 0w Figough ahleeaeem ver mavhcbattha peg
may be c ght re_or.i e u a . a
oo or Rt RELR feote, Ri1BRbask oty TSRS 003 hE0°U0RRIRG, LOLBLERD
recei ver to becopeertion sielijpn and a radiant sectlon from an inlet tube

12 to an outlet tube 14 in several passes. Details of the
heater are not shown since the pig 1is intended for

application to existing installations, the general



WD 991 23438 13 3 0 APR 2002 PCT/ CA98/ 01011 valve 64 is provided in each of
*the launcher and receiver to permt draining of fluids. The inside dianeter
of, the launcher and receiver should be two sizes |arger than the clean
inside dianeter of the tube being treated. For 5 egajipARR 20?2 auncher and
receiver- i n3¥@e92s43reter of 5 or 6 inches would be used for pcrausmnDIOf a
4 inch tube. The | auncher and receiver should be nmade of netal having
simlar netallurgical properties to the nmetal of the heater tubes being
treated. A door(not shown) is provided on the 10 | auncher or receiver in
conventional fashion. The preferred manner of operation of the pig, is to
run the pig at a predeterm ne cle or ti interval, This tinme.ipterval
o establ | Shed BPATA AT h AT ner el Tt <PRERY uriht 4 is pipEegasd
fluid, and by Ilfowexpderamieny afl pheéetebingednf bbhéei hgatatrewbndet £1hé peipose
of the on-streqpleaning aRhAgdchRobgn DU Hdaddie ARSElANd iURseArEt,

formation of coke. wi ngthen™t he oEerat_l ng perio r run-leng
a given furnaceariheredutbéth tubpeate- ofBrarlieanangt Mayddxs et giek bp a

efficiency Starfjhe V‘b&@sar%knééﬂeénq:&@dcﬁE%Ql@ip&s thenGoka . onaft pepkod
has been determ ned by | aboratory experinents t0 be frommnputes to as |ong
as 18 hours. THReXIRG RREWIeDHRESEE faReADSt OBr GELalTa e hefPRERHLERAY

whi fch thg Zi cltﬁgmimg;pr !’Epiiﬁgp&@tfidi&_e@f rt&letla@glixhi BBepirgrdtrsd Qgﬂa?)l the
performed. At thiis point in the .operatin cle, it .npt _practicable to
measure any terfeR ur%e &3kng 0% hgbuﬁougag’é‘?l e%?t?hzfl?ﬁ@]n&i t fontinuous
conventi onal senisydichee|veniEig Shesileedihei d enpeypdratei abaniesi swplrdf éered
measured .in mlli r.ee 3 i i l,,of r i t n-l.ine_pig
s Best i abl ithad it Fhe Sunrs, ToFoul (e bl datbed e BipPau
in the tubing witdre tthe bdpetari hg rehdindratsingdinddndealydeat er yerpnubbisns,
the coke onset gnd 4:he @YYy i Haldos GRIELA bRt o3 S

then convert ed V\glg_%/ P Y A Bies Pcdgﬂcﬁg%%ﬁ%&?n‘%gghﬁﬁg
peri od charact &¥%AlHg @ hECHRPIG | RYCMANERNEEDEEISH cHke thEi IRRIMMCTORET coke
buidl d:Jp_ has Oﬁwllrﬁ«éxangigglrrw keﬁtélﬁ@dxghﬂﬁgﬁishcégtbﬁtgbﬁ6[Veﬂ,aé‘:fahg7ﬁ for
underlying coke |ayer is i kely.to too hard t e renoved with an
on-1ine pivy. Oﬁ’ﬁ?"{%'n&ﬁreré'ﬂﬁﬁybfeor 1 %n ttooﬁ?%?agﬁe&g?rre‘él&?sfvé?h]eﬂ
coke layer is e¥pagi ethd sdrapdge wiiahbpolymed apdgwy. W ping away a new, thin
and soft | ayer of coke before._i ui i | i.eved to ret t
progressi on of coke forngol o%ngiﬁg‘lgloél‘g?(?'}él%dutsh% relf%ttel:jorrr% f))ef‘rai gég T%Esst'etrt
is preferred t@gqaarding pioganegebedihent lehbudie meshashiofg usef ofethhepig,
contanm nant hag, haldeAehud SOHheH fo£deub8t 18] bhd G@K6 d Np&r YL OCH QN

streamis in a crea state, but solidifjes_and hardens in thﬁ tine fra
ment i oned%bovéhe seRtel fHRSExishPEAVIHed hReFHReR '€ ogBEAEBF Wi% PR Re
energy savings i ed riaie withnar evadrelf veileecy2 tdat cabel il6e aldaneétgrh s

expected to have its .nmost, significapt,accqonmplishnent. Eventual ly, it IS
expected that BR1dUp ‘6%1‘660% wl gﬁggeg‘gi‘tﬁt}c?oes v VmByggo %na{i%%%?t
pi ggi ng. 20 Thysipd R8s hsulcdnbectedr kbi edpphatboest st hotdptadene tabeel§.
solely on Convz}gﬁygxﬁgls FRBL! 95'&&91&@41%{0%%0@9&%? Eﬂlerﬁﬁbfgﬁ?‘{ﬁbﬁ*@”' d

be used to esta cleaning run intervals. ventional nonrtoring
met hods @&y al S& l8d sgse@rnecsegniht PeRalbeygiagteenPeest ppbeesdd DECWRRR,

automatic cl eanifyg fbd N& hgR! utliehe 1MRY & akleLoied; £ded N&A EciiSe @
degradation of efficiency of the heater. Effi cwncggof the heater ma

. y be
moni tored by mofitoPPRg BRe PRhbRr atife &t 4Ohelsut PEPVisess PRe hBBfer340
wi th a convent idodasthemeioft whe SenseionFbetWegnyahdaalbe 16 and return

tubing 18. Trippers 34, 36 and 38 are provided on tubes 14,

30 16 and 18 respectively. The trippers 34, 36 and 38 are
conventional pig trippers that are activated when a pig
passes them. Tripper 38 should be located close to the
junction of return tubing 18 with the inlet tubing 12.



30 input to the heater 10, the fluid in the tube will be heated a | esser °
anount when there is a greater anount of contam nation in the tube. The
contamnation in effect acts as an insulator for the ga@tje‘Png“ she tube.
Hence, when the tenperature at the outlet 14 of the h I'ndi cates a
WO 99/ 23438A /3488 APR 2002 PCT/ CA98/ 01 O | 1 degradati on obceidabgiopacy of
the heater 10 bel ow a given set point, a pig may be run through the tube in
the manner _ described to clean the tube while the heater is operating. The
on line cleaning of the heater may al so be 5 controlled by other process
parameters such as pressure, change in tedferature or pressure frominlet
to outlet or volunetric flow rate. Conventional devices nay be used for
moni toring t hES@SFardneted’s. ifhEhi §HEONTEXLy FEARTH I RRF O HERE e al F be

10 made of si raaalnanoerrabalerhanblaaewmietnalthlenpﬁbeeheatrer thubeﬁleﬁ'hEUDiﬂgShQW d .

be made of sil.ar rreelt?al. The st. be _abl e. %o b ri\d %uf.ficie édto nove

around t he bedddS AR PiHES &n;ﬁ% dUlSE4°FnEnd p@?at%%nuﬁ? tf

i nventi on shotilsd kimewahi rimvsil(m@ ito fakesm fidw mhm@imtieomtrmvél sfdédmcteani ng -

2Nt § sa0\ © kBRI S: AOAOShAARE A BANS chidn! NEM RS ARl f£Ri o2
|as t

scrapi ng-acti on.PFhe pig i s constructe eani n
el enents agai sifige ¢dnt AHIRBRS. 3An %‘X‘é‘l‘ﬁgﬁarﬁﬁ héPFBW%t%Qﬁ% f&'Pg agd

shown in Fig. uddtIeat Xt (ylgoqratdrﬁb&\tl iardri cal and partly conical shell
70 is made of sSpring netal of ggPrraterlal th eﬁube i.n the

heater are made from of EBBNGBFHQPE‘ égl’é‘?c"t‘h‘é?r 61 ERethtgh
t enperature C@.Ii:lb@& ye dendpdralBe M blyi rtﬁmes heat era2 uhﬁé cﬁmt&tdléiéd)rby

rretalll 25vv| S ti as. cl gani are S
and pas O hr oJ@ﬁ (%"en nng?na?'ﬁle 42@1 iﬁgr %Eegt%r% |ocr?rI el?%ﬁgg
conventional ffasHdidontborf¥@r meigherbr ubhowghh the stibe. Jl'he cmat &hei coi@res
72 extend C'r&ggks h@'bzﬁ%@ 9 b%etﬁxlgae%teahlﬂgr5foehef%£b@e§043

coni cal shell securin e WMres e used
interior cyliddrc&atSan&igokPEELVERePP 78 BFedi APFaFeBaras| ‘P%hlt”r?s s?ﬁé‘P‘Per

% 0ss-secti on thizagubBe ARoBbEREnENShAL 7Pid SlaﬁI?rﬁﬂﬁeQd 4ﬁmt1@ bBEaleﬁaacabggllla%L?,S
to assist in SeCUI’In C WMIes e coni ca

16 3 0 APR 206»PScTHtad /ﬁa@”ﬁi@] }DP’ 70§ gﬂnul % T AR &\sALD
interior shel valdedansh3le theamd €55 or ThbephréddleThearsttatddtcion rperniﬂtand

the_shell? I b e f t enl al othess I :
mat eri al havi ;]fg ng gal :fnlt ae(riaéltegrelg c%gﬁ e‘%égr g?'%rregz pF{gexl dgégg%dgl n
accor dance wi tliruriehen] §9oﬁepl¢@d|lm@eﬁm| §he| poshbhAniRgFPEstha-valwrese?di ng

to Figs. 4-8, ghhese &5, S?@&ﬂl%umc@;efzorwclfénhggdtge%s 1\@1@11@?11&1@ idE thegdorm
of a tubular mesh 110 nmade of flexible abrasive material. The tubul'ar, nesh

110 forR® a bddFhabPRg BIR®- ciTh&l Bi9cr bRUDSREY| PG n TECHHARE may Dbe
per pendi cul ar dorlet® edXit® ahyt hebeukbhbar caﬁﬁécté sutbabhe fhexsblz, abs asi ve

material is Bq% or. é 6 St%l nI ess tee&)1 Oggl gfr%gegﬁggs §qu%e ]ﬂ

rectangul ar, 1°afr ofhier * po gona ss sectron as s
shown in Flg og.. l‘Bhe wre 111 nmay be

An alternative pig launcher and receiver design

25 is shown in Fig. 2. In this embodiment, there is provided
a combined pig launcher and receiver 80, that is mounted
parallel to a set of tubing 82 in which fluids may flow,
which may for example be the inlet or outlet tubing of a
heater or the return tubing 18. The pig launcher and

30 receiver 80 is formed of a pig launcher and receiver body
84, having an interior cavity 86 for receiving pigs.
Preferably on opposed sides of the interior cavity 86 there

is provided a motive fluid inlet 88 and a motive fluid

outlet 90. A door 92 is provided for removal of pigs from



15 pl ated, coated or bi-netallic, and may be anneal ed or heat treated. A
square cross-section is preferred but the wire may be in the formof a

ri bbon. I'n the case of a soft scale, a rounded wire could taeoua %rmzl i ne
runni ng al ona,ot% [yt er nost | ongi tudi nal surface of the wire t ormn

20 a scraping e éé but it is preferred that the scraping edgr lt')% %ﬁ’l’ar
O her materials nmay be used for the wire besides netal if they are
sufficiently hard, flexible and robust for the scraping action. For high
tenperature applications, a heat resistant ygetal such as Inconel"" 600 25
or other nickel alloy may be used. However, other materials including other
rrelt al ts and germ&slﬁaare§ouse;t ﬁi rrdrﬂw ke t Pegi mhertaeﬁéraaaal ﬁ%@é@r{vﬁﬁhe
sel ection of an appropria a or cleaning a tube ig vell wthi
the skill of an*b%%é 807 it hasket. ool e%&ﬁﬁr‘téi\ & 1A Bhel Pigo Laigmhethand he
har dness of -t heradaeia\senebrmiyersal felroal dinig epdged thedpar dases sleafortifed
tube or other fitfing u val-v h y i td e
mat eri al shoul dll“%l%% c@?éo@gsgl Si ﬁlf %ﬁFhE E; ﬁeﬁ“#%g’g%%é?a Fr?%lg%\%: %ﬁé’r‘f{
The squar €5 edgesondgnipfonadk dﬁsegrlllAnomist:r Rpbeg9édges connec®3g o2 3468

17 3 0 APR 20 / | Phe u rl_g?%rq
110. These sc%@%rﬁ?ggsgqflg éi’}tr%a&glcﬁg %i i¥ LGEQ aE&!g IY:I on
wire  111. Th@@"er&‘ﬂb’nd’%d'@e§%@@ﬁeraﬁﬂ FPénﬁﬁtﬁﬁar‘i@s tgb? p@‘ﬁﬁi&@l gludg an

axis of the bodyni@ndggt hgashchie @&pé 88 a8gkensettkai ebt the eifAcly a2
scraping action. In the case of a cg hndrr cal bod\éaat heﬁﬁXI s .is the central

axis of the cyl?hdRrJUPRELAB d8seWBECH dfhBFPESK2 #PgaAa er‘“arysbé"n
axi s. Foridi gh tTespepaliyr andpdmeridteds to’:lruhe)aﬂcbttmé afllylcﬁ obuopet apioon Aat

mper ot U o8 Bk P Ny S PERERE T SED! Yo AL FHLS SR S Sp B0
shou e made e a su

ceranmi c, and haate hbepguymdrian n&?erAaItImw«ayeGUMtpornt Vithlevet ubQEar:Ls
mesh or netallig <¥\4/:[§e§h8gl QhBVSLEiBP%PE HECgﬂétpﬂhBEQPRyﬁt har (! %) Sl .

such as that 15 a soll exi| to adap
different sizesl@®4 BrspeErOTh@edub?m arhﬁembmg b82a uaﬂqrqam gef 4!:he1ApLgB

5B and 7)19r a wWeayendFi QndS}egélg@]y pe¢. knotted, not shown. In the case of
the knit, the loops 112 (Fig. 4A) nmay be 2Q orlented parallel tot

| ongi tudinal axis of the ThbS étllfiegrn%l"(ﬁ Pigy Lappeher MY recsivier ﬁ&ﬁé‘r
mesh 114 with |wepss 142 @blebwed a'heartmmeprvmrrmm apsptte) vabreexaopl @and

per pendi cul ar, the | on tud s of. the tube Fi bI
knitted | oops 1 arey cﬁ f/j\% fﬁgw a.m =3 p]‘ﬁh aglkmt&)s%gv?mfar?wF gg iReand
4B when used i _rpigrelaum@m:atamh r@‘cetlw@m &80 arsareurd sihwwpio 1kugcher and
capabl e ofgradi é’i‘\P@PSBQ”ck&%ﬂ“ﬁhu'tlub‘i%pra‘%ss'vﬂ{bﬁ O H@aé@f Qhﬁﬁﬁge&s

an exanpl e, a tubul ar nesh inches in drraneter 1n the fully expande
condition will Ro% REIG rclkeaR@d HKihPIT0 s - RAiSEHBCe Chsf PASi AGNESDRRen

fully conpresseghd Ar@déihieloV@()CW@I%l aot 0oahgssidzhanrbal :f.nt newl ﬁ)'p@@l'
di aneter is also ossrblf % gof soire }f]theloopso g

the fully corrpr%%gblal%s 133 ﬁngtﬁ% SjQPeR{ | WhensaRig p§piBsthe ﬁ‘é’ﬁt\%’
fluid. As the tahe m@ﬂ@dmdbwstopﬁéﬁ thhreeWih?%ﬁBﬂéB 1803aAdAPR226&2
PCT/ CA98/ 01011 8 es | I ny
knit may % use‘gF lrllﬂt %Qtprtg?éel&rle tﬁ‘n.f u%:‘ﬁ’%% 1051 %?L%glv(ei %
axi al view pr ofpi@ hhat air§l§§_dcla(§sé:hteo wig clﬁlarrcfagr |€sn<bra%¢¢e‘a%re80Th§ﬂler s,
it is preferred,ingds Salghe KRkt 1t BerhirhPeds QWrcPrE5EAT Lb S, Ouher

combined pig launcher and receiver is used for each pass in
a heater.

30 In the normal operating condition, the inlet 12
is at a lower temperature and higher pressure than the
outlet 14, and with no pigs in the system, valves 22 and 25
are open, and valves 23 and 24 closed, permitting flow
through tubes 14, 16 and 32 which together form an outlet



circunference when viewed along the axis of the tubular mesh. This ensur es
conpleté circunferential cleaning of a pipe. For a 4 inch dianeter tubul ar
mesh, a wire of 10 0.0l 3 inches cross-section is surtabl3eﬁ 23028 |nch
di anet er. tL\gB 3)'2 ﬁgsh a wre of 0.025 inches cross-section | s surtable.
The di anet e? 00 2¢He tubul ar mesh is chosen to suit the mteerinCA”’mo”
application. If the tubular mesh is to be used in tubes of variable sizes,
then a tubul ar nesh whose 15 range of expansion will cover all tube sizes,
or as many as possible, should be chosen. ;The tubular mesh or a sheet of
mesh may be rolled into a ball-shaped or elongate pig in any of various

ways. For exanplfe . twﬂéha&t nPéhié@:\YrJ?c? E&'d;?éi:altrg Q:I?e @étérﬁ%’id}g azqalgan

end portion that sti as a tubular form portion may then
twi sted and pudlREIbatkiBIRFLePelHaP |1iRe v&**ap?*‘tlrfél%lﬂlg N R 4e9hd To

portion. Such §erarisef na&bearszcaﬁaesm ahl yubekd sboando sehadsheatteani1ng

operations as for e rrg thg hou eho cl eg *) 1Bad kno as CH(REtI%OY 25

tmsold in Can3td B?oﬁ ki VEtR ¥3 Reda" ?gFg'r‘i Po% dFY, -hen

Canada. At houlgé ph&cédbmhathere&tumihd?rg@ m\@aﬁmabd SS%@lrfe ezaredi ,ng

under P eSsUr Sunhl b PIEIRKT alh [8h PEKL 18207 LXPRANES, 128,E3AGRREN -
ar

r
5A) bi ased agar st e 3 for urging the tu
radi al | y out wat@te@ &Sﬂ:@hoWh Md Filgto h%"ee’éxbandéihelzpw nmay¥ike Ewd to

control the fopggrappthedubA EhBel mal dgn¥akinet Lhevei P @ A, the
cleaning action, In addition, the bias force gp plied gégthe expander 120

regul at es t he BpBedaiS&thi thto 1ip o 23ndg LT PSHPLLILBES _Gif oWBiCh 1 t he

ﬁe?/! ceI ti@vel sweatea bﬁbﬁheTﬁlﬂoﬂ@aIKieiou&iHLﬁdhnFlc@ t»’_i'{é rjamcrt:rdre_dﬂ)rﬂna)f a
eli1cal wre sprin

g re size rra%ébfr? varrtild il lon hn t he
spring. O her BR3P sPBr‘Pe&EB%‘h%%‘}l%f SN el éﬁ

required, 5 andiq wripsexpander 36ul dahwegs 2ar andszeommr tqp@rmedof Vi e s,
The expander % bes sypeLibeal ARPeSkat pﬁfﬂ%h 2Nds aPE?EapeIrh%d at

only one end. |t| on, the expander 120 may contro surfaces or
apertures thatbepsémpmpe%r PF@EédﬁﬁuFHetéeﬁyﬂa§§§ PRESEXFEnEer foxgeardq hus

control 18 thepsgeed ofetlien eXpandRy . idher expanstase 120ipper txel frBe an
consi dered a bod th cir uI ar cross-sect rag erpe(? cu r to its axi and
iR

may itself be e%é'ap 8*¥ot FE S S Gt A il t RSEsYne
case, the expangerps2( thepb@éetaphmpnmbsmiréhmsam p.sxe as descri bed

a_bove for the 15 tubul ar Hreaghtrrﬁé%:esjgg IP% gggs égsg%‘gﬂ%%@r& t

wi re, hence around the ou I per ry o Xpander 0o
Fi gs. 5A and 5¢fffiasvehwedi 28adandt agearﬁat?pgnﬁdeamisVé)lp!&ﬁsi2§narné]ql?i‘lr éyets

I oops to,gove gy Leuaf eEﬁﬁ‘é'c’Hn{;M &:IItEhetbpeléealy@&ﬂaéieaﬁrpaw@ﬁ@wg@,ops

and the tubing or thé mesh wl o prevent the expander froin
expandi ng. Thudrej tbqlsn‘ibrémé’f*\;%‘él tagoh’é‘ﬁie Ehe Wﬁ&ﬁﬁbrau QmatbGalin- Fitde sc,
made of | engt hwaseewiae i2lkeper offh asn@ pagvin 44 selbsethi smmrpamderlshas

| ess efficient covergge since the scrapin e ca t

scrapi ng functﬁi‘c:)ﬁ 5?@ ert DY EctF 1T yggﬁlﬁy%g% Se'ng:eﬁrrl'ecfeéi{ %glﬁéfaen %o
beconme worn, andspbaslaneorﬁolthpr efigsn, edipofn tatipring ik txippehadéd biyeanire
121 be wayy al gﬂggohﬁl @ qgt vrﬁf&sédre shd waq%% 29 3hd 04Br Qddore

scrapi ng actr al so spherical "and could in
one enbodi nent PEEMEEELngf the bRl 7 %treer d’rhGWPrl& I@G%Pﬁ'llafé‘sed’atld’gfeﬁ?erma\m th

random por tionghgh bBeopbhéd fa(?{d"v%gv@%ezlguéﬁ& perépbesd, odnd hdaddg may WO
99/ 23438 PCT/ CA98I 01011 3 _0 A 0?
be removed from t e launcher.
Each of the pig launcher 49 and pig receiver 39
30 contains a basket 62 and pressure gauge 60. The basket
permits fluid flow through the receiver, while the pig may
be caught before or in the basket. The pressure gauges 60
inform an operator that the pressure is low enough for the

door of the launcher and receiver to be opened. A drain



20 I'n_operation, the tubular mesh 110 or 118 should be tapered at one end
122 (shomn in Fig. 5B) with the nesh bound toget her at the apex of the
taper to close the end of the tubular mesh. For a knit, hhl e done
with awre %«& 30" the | oops nay be wel ded together ﬁg ?

secured or tied together The expander shoul d be capable of e 6‘%ﬂophe
di aneter of the tubular nmesh 1000 and at |east 50%of its initial dianmeter.
The tubul ar mesh shown in Figs. 4, 5B or 7 nmay 10 al so be nmade from a weave
124 shown in Fig. 8. In this instance, the ygave should be at 45 to the

| ongi tudi nal axis of the tubular nesh, and the edges of the nmesh should be
wel ded toget her via vier @verits tgﬁroar\ialeld G elaﬂ:H h:ifS @M Enchdie dnbutdde RSH

|y wh t d d Th I
Toah 10 or 18 SHOURFE G ROPBaRr | BROLES  NAR Het B aprs el QLG

to be cl eaned t dapnehent audomcmyerrrmhomﬂdofbd hevd tfhud@ Inesder hrttmgttttehe

tube. Another e e a i 0 Un i;ng

pat ent specifica f%%lrrtl nghsgaﬁ, J%%Ee!utlb‘% ﬁed l-Augug‘%{yqe‘o %féglg L£%gtgso fjﬁg%
Uni t ed Ki ngdom paesptleappl Laantbarnand2regeives. imhede dpameter @f gs,0r 6
including net al ]E.Lin@:hg u%&mp%em&%d o Sr betégtvﬁentoobax%utlwaht uen pzed

in the nethod of the invention, but are not believed 25 to be as_effective

a cl eani ng devi é8URSheRe 3¢ | HEFRHY STl Fherldaskd miasie weth maral clkaming
g' gggnggzt h\i}w alﬁ@n\d&%&* imbed1igrg fﬁ?&lfpd)ﬁo élrttihilzée.{b t&ﬁ% Q\Etﬁdt 8PLLHO. rtteater
ic are sufficie ol er an i eratures
may be used in §Hb86e §|.31 g thEater - r‘%é’%"t csorlsvg]r’if‘ﬁ% é?fhl%’
Exenpl ar y 1pol yn&a&nfchemm‘elrateltren‘penat:uneeapmbnaat fashibncl ude t he
following materials: ETFE_ELur zel I sabl e
fluropol yner avail abl e frgﬁ %gg?éég%eﬁ(\%ﬁ’nfzges :%u%%gﬁiiplgﬁé? pl%ls
99/ 23438 PCT/ CAg®/ @unOthe piQ APRaZ@@@dEL&E'nm@leIB cz»@:l% B0 tRaleynierdexvainder
Lhe Lradename VeREEa Fime dAtbiva1avald Aot HNQBHARPCHy HagRhSlofl ANGRs

respectively. S are relatively new materia properti €s,
whose strength P3TRRetR&ESskeh. t@@odf5§§ﬁgﬁ da‘tlael lermSteS@\/aﬂHbﬁe fandt fsse

mat eri al sgsso péﬁb@ﬂﬂlleﬁﬂalwyadéﬁéfmﬁéat QbMQQﬁgWﬁteanQ’Q{:ded because of
the nol ecul ar orientation Egntl oned abqv O her rraterl | s t hat rra be used

i ncl ude PEEK Pol yot her et heRFeRHERBSSKRowE PSS ¥ GFEaD CHREMTBEMELD
avai | abl e from t6&l inhiPi t especirisesd yndPELibBehyenhefommdt i snovh askd) tRs'

avail able from P t ers f h Vi C

avai l abl e from ﬁﬁﬂ’l F%’gr%ége leé* lpaq%a(ijg’%\@(}g%fﬁgr %ﬁoﬁ})gg{@th : g\/vr?f]i)%en
Aurum-" avai | abFarhagm Mdmlmmrs&umepepﬁgmth@haﬁtdehe Kiﬁmgrae;d peak
Amodel ~", H¥ert oprraugihable from Armco LNP respecti vel y; PPS Pol yphenyl ene
Sul fide, known as Fortron~, Lubriconmp Ryt onr" ec~ avail able from GE,
Hoechst Cel anese, LNP, PhﬁF?Fbéngr‘é%'ﬁ‘é(ﬁ N‘él%ﬂ apg PQEFFBﬁ‘é PikrRwT e

and :\/l lr)llolerfavai bﬁlb_be ﬁaé@tr?&nm&@ bé&‘&lscwl;.céiaﬁﬁtétﬂk Bﬁﬂ%df&ﬂ:ﬁfﬁ)me&pei:lments
avai l abl e fromt{hejr nuf acturers o far _as _kn to thig, i.nventar

of these m)derai:g {DSrrgng‘t UP‘BuESFyﬁ\?r 85ar&M¢afs ggnth&"?sf o?rh& Se P& 5K gnfo
about SOOF. Abowasehi sid eviper abste,cxetizll |c1tpeg§>ea't1e>dCLduxe1mg ywhebhe\tshé to

be requirgd. HOWRMER: nbt diS ‘@gad{r@éegctbst, XF Oﬁl@groﬂoﬂﬂggﬁe% temer 2t Bles

avai | abl e The process descri rern " wl | operate at
with pol ymer bapedfprmed. bt auiits seeEph nglétm%rqwsmcwltﬁe Uydeds not

provided they hgygcsuwEhbebepb! ¥eh8akki 8AGE tapdethiaREL th%g@%' W kerding of
the pig wthout fracturln of the scraping el enents The pi_pe pig of the

present inventi 8REL€Chr 388”%@ YhEBuGRNYeREAPER ersﬁﬁéﬂnﬂsieﬂﬁmé’é‘ﬁ\?entﬁl&?&l
met hods or usi nghéheemperﬁretxf@oettﬁn@@ermttmaie fddghifdd qui ehilgdReyrers.

m xture ogollqu&,ge ngeas n@g%ggg of running the on-line pig is best
established by the operating conditions and analyzing coke
build up in the tubing under the operating conditions.
Under laboratory conditions, the coke onset and the amount

is actually determined by weight. This is then converted



wo 99n3a38 22 PCT/ CA98/01 41 | 3 0 APR 2002 through the heater while the

heat er 'i's operating. The pipe pig can be circul ated through t he tubes of i

the heater as _ often as is required to clean the heatgr eA P nmenci ng a
NN,

conti nuous vaResMd4Pn, it is preferred to get the tube Qm df st
and then continuously cleaning a small anmount of and preventlng é up of

thi ck deposits. Wiile the tubing is very hot, as it is during operatlon, )
the coke tends to be soft and to be renoved easily. Wil e the system nay be
manual |y operated, it is 10 preferred to aperate the system automatically.
For this purpose, a control system nmay be connected to the trippers,

val ves, boost ipumyp aahdmpi pet dodaierrane mietieiy ethef di féentingl thagkhbeses

operation in %%g%rgg%g G{Bwéf Qﬁ]he operating principles outlined herein.

O her than as e tubing, trippers, valves) and boost punp
menti oned herein are alPnesnvedies oballdup bhéul@%@%r@a‘?@@p?hatuag 1

is not to scalardgesPraghi BBEQrﬁBhet thee aﬁﬂd@&“lk&hgl%aﬁé! Pas & 0uf 5 Of
the heater in cl%pro%nt%to egc sthereturntublng
18 may be a veryredifort® IRAigtH t@ ﬁo%"ﬁ’r‘(eé% P BT 1 HBS Bi9used
to pig an opecaliynghkeabet met:hnanﬂonﬂattim prycaesd cthedaheeady. férinede or
pi pe 130 in the,furnace section era%%ngthe ter.is su Ileﬁbfluid

0
froman in-fl S\ﬁ}ﬁ?arhaf 61t foxPﬁc coﬁveﬁtl ﬁe}"lgﬁg 8 ¥nal HBE"? | ui d
i n conventi onawayaaneewt ht bughandtddiow lrgraf aifd ctd4 bafprg et bunltsmep 136

i s connected i; F o@\?é@%@ i t itle f
the tube 130 5’% F%r%gtl ons£§3iég§%{a&1q%1 i{J%al es n%g lc%lk%t ftalgg'a'eg%%t%%%s
139 and1938 r €3perd g Twol hiee pered pi §husy udh |ish@nefEFresi Edertbe

130. A pig cakgeer gfd aﬂép@bﬁeaﬁé?es%hﬁ%bh142tl&’ée PUBYheed KEdhe Pile
return , line 136 between V1 and. V4. Drive fl% dri.vi, nq\}the gk%b{long
the pig ret ur FORLRRSEY Eaﬁr}ae?‘a%’ae‘?hr%@?yﬁ &ﬁ‘dt\}él Rve

power is proviedégdrpdauionl 44 rean iize in \W0 GHABA I8 S PAWECASBL 1difilds 3 0
APR 2002 | 44. 4 f 148, which
AFRE ARG 26600595, kble! [AME FEseLYalL ch may

for exanple o |ne connects at pi'tot tap 152 to
the tuba5130. Flow al ondtl aﬁeshgwmmsrim afs tdentusl kédebyogather whthand

V2. Afluid ¢pe energy savings by virtue of improved efficiency, that
on-line cleaning is expected to have its most significant
accomplishment. Eventually, it is expected that build up of
coke will necessitate removal by conventional pigging.

20 Thus, it should be clarified that it is not
prudent to rely solely on convenéional monitoring methods,
but rather indirect means should be used to establish
cleaning run intervals. Conventional monitoring methods may
also be used to augment the pigging control process.

25 Thus, automatic cleaning of the heater tube may
be effected whenever there is a degradation of efficiency
of the heater. Efficiency of the heater may be monitored by
monitoring the temperature at the outlet 14 of the heater
10 with a conventional temperature sensor. For a given heat

30 input to the heater 10, the fluid in the tube will be
heated a lesser amount when there is a greater amount of
contamination in the tube. The contamination in effect acts
as an insulator for the fluid in the tube. Hence, when the

temperature at the outlet 14 of the heater 10 indicates a



5 return line 154 is provided between pig access port 142 and valve V2. A
fluid drain 156 with flow controlled by, valve V6 is provided on |line 154.
A catcher bleed Iine 158 with val ve V3 connects the prggcgpghgugc)the t ube
130 out f | owyle 9623484 9 si gnal | i ng devices 160, 162 and 164 ?. g A0 at
the junction 138, junction 139 and pig catcher 140 respectrve pressure
sensor 166 is |located near the injector punp, and a pressure sensor 168 is

| ocated on the reservoir 148. The apparatus of Fig. 9 works as follows. A
pig 15 is placed in pig access port 142 with V1-V6 all initially closed. V5
is opened, the punp 146 is started and then valve V2 is opened to pl ace
pressure on thdegrgdat\bn of ledif igpjemey wft ithe hizepigrt i0pbegioy agywﬂdnng

devi ce 160. Af i g.p t \4 | os qr%g1
V2 20 and V5 a%g%c%)g’gg ¢ B?Téeﬁ%%hﬁ%eﬁﬂgpee}%eb&@g&h oéslg%&to ﬁ. n e pr g
| auncher 142. ®RecHigesi rteup?a@es Ehe ougpe twitl keibdie IBERteR i is iapsradcin.

junction 139 Wnere lts qumenfoumlq&rerl&%aﬂura;ow d@aé/lheé(@eksn\‘&@'e%qq',o( qld her
based upon tim gﬁdtVi%’cl oses, or opened when V4 cl oses or

sensi ng tfe Io it 8T, RIRC]SHRAYAPCLRT S t SHER ?S\/JBIyeaﬁ?d“%%e

pig i s pushed bhaﬂgessw e empemrat hitied oirh pirbe stirbe £rd30 iinlled tdte quitg exataher

140. V3 is al so El d.toffirow \Aﬁletu&?r;m%nfl ui dlr t.o. t he out flow foI d
as

134. The pig cabcher 146 i-5°¢nbh [k 31 on 1 h-The ?Yne o
cat chi ng funct monitreying theseedavanebgrshr ottI ing V3 to place back

pressure on the pig in ttl‘ﬁe %ré lé&v@cgn&h‘iann%He%éJ Ng g,glg/&:%g?erbe

whi ch may be sensed by passage of ‘the pi g past sensor
sensor, Y@ andmggeapd siosbar mEia@lcyd éhﬁavet:ﬁénlbeth@de%@te@’d@be%The

991 23438 24 PCH4 GABLE dObel m3dl éERsaﬁrQiaéesbﬁeqi PuEp pli4p rdu%tprbef Ak y a

vari abl e pressure punp, since it is pre erab yto mai ntain th epressureln
line 136 _ sli §ﬁ‘tP9nﬁ| SREF 16 1eRt bhd pmeve,AEoPAdt Rie| bards 3pn dihg fatbes.

jlﬁncti on %ig Sensor 166aRgY phg lm%%di tiG aﬁ{edeopéuea@ieﬁsggetﬁesmdmd@v
t he punp , a sure varr accr in ) iti.on

dosi Tabl e 10 aBBPH Any baBk PrBIPRRAl (e T4e PASPILUFA e YhEP ik
Ref erri ng5t o Frdeah@ngaeflabenvs ghhe tid’O:crmpr(erEB faganacs: sewpitamimnmtan in

operati ng heat i d 10,4 w d ien
conventi onal ng%ﬁer%%%ggéldg%g;rewets %1 r{@eloéné\}:e%r?onfﬁgnggherﬁtg%rlgu
out f | ow mani f oFgns¥FUchedi =@ eioenaﬁ |tlhe P?-eamneonﬁéemeat‘ﬁn e Histel t he
tube 170 betweggnthgikhBhet . and outlet of the tube 170 at junctions 178 and
179. Valves V11 and V12 15 at the junctions 179 _and 178 respecti vel

i solate the pig return | PReSISBPIIBMRHL MuBECEI 1 APRP  Eat AR HBE 18nd

pi g access pori.l18R akeepioyipgieckt by d}rneerr;craeI Wl lpare: 1y edigtasieshéll and
V12. A drive hanrsm r_drivi.ng t g ret lin 6 is
provi ded by anﬁgdraul T2 darrﬁperc]tr%r %éic%ﬁprte t%arggh rESE#F& Tt:nﬁl?'d%e

I njection systenbe88inhtbeghebtar 496. mate ﬁydmaubrrcsunrfnecnttcbrexiﬂ%elxasla

ram 192 whi ch {g5ext endiibl Q«rlt@lts%fgxgle pdl'% ary £gm er téﬁpeg)ﬁtﬁﬂe' 0%0%051ve

hydraulrcflurdrnthern ect or eturn Tine 194 with i's
provi ded bet meeﬁnérglaeeeyetbérlt the? fmrear Dhasi B ESeLOD| Prlgstaséﬁw

196 detegts wh@hregseryaidt iHyS é.§ &yébna é@ehuehes %FﬂHYEcﬂ_ﬂnédi" oHeb out | et
197. A catcher pleed line 198 al ve V13 conne th,e PI g catcher, to

the tube 170 ofit'fPE® FIAL2H § og‘ﬁ’ PPﬁﬁlH‘éﬁr’c‘e RTEAET
| ocat ed at theofutllﬁéi@hile]].]YS?O jmncbhoenﬂenahdfs@hpoxg ﬁ@tcﬁmmﬂr@a brush

respectively. app t [ foll ApLg is din
pi g access por‘f’ Eg aﬁf’ﬁisﬁ'f%\/l g]INIAI‘ i ni ?g%l;%%l ose’glvpe\?lz |lsgoper?%§%%[
hydraul i c act uaioruh88ristastlyaredund drieveculpngriaad thwrtiomre af0 th.e:fter
the pig 30W0 920483438 shell 70. Other methods of securing the wires 72
may be used. An interior cylindrical and conical shell 74
of gimilar but slightly smaller cross-section than the
conical shell 70 is pressed into the conical shell 70 to

assist in securing the metallic wires 72 in the conical



25 PCT/ CA98/ 01011 3 0 APR 2002 passes sensor 200, V12 is closed and V11 and ,
V13 are opened. The pig circulates through the tubes 170 until it reaches
junction 179 where its nonentumcarries it towards 5 V31 ARRiZ(Ppen and
the fluid weisbkngst he catcher 182 through bleed |ine 198 caidr€oslol@iPi 9
into the catcher 180. The pig catcher 180 is shown as a restriction in the
line, but the catching function may be carried out by throttling V13 to

pl ace back pressure on the pig in the 10 catcher 180. Once the pig is in

t he catcher, which nmay be sensed by passkge of the pig past sensor 204 or
by anot her sensor, V11 and V13 are_closed. V14 is opened to drain fluid

fromthe pi gSBaLEhT0 180" .Ml I atéBsd 6pdal At herhgnk el er mepetleri be

repeated as gfasigedend aatéaidPsmill e . 19hpi getallUEA \dikélé? T Chyadi B shown
in Fig . 10 i an electric.ram?208 is ysed with

hgwn
a | ead scre\/\FE%f 26|§bPHgdeﬁ1T§§e gﬁgkgen§FHP fffgﬁ RSt S she ol | er
214 repl aci ngot be hydaadarialdhavénd88qoivalgnt 18haR@cRefestiag.to Fig. 12,
a tube gr pipe 220 in hhe LLrnace seathen;ghean APSIALAANEAAT She

supplied fluid froman'i OW Iman PR conventional mann
di schar ges fpmngEnUhmnmnvﬁnﬁtﬂnlﬁﬁnﬁhOWHWDMQﬁleathow mieiffeaird rgp 4.0

Various othegj %gr NACE SEed +ONSs %Zﬁl%vﬁpg BILL éﬁfﬁ%%ﬁé& | hiE-anner .

Pig return | iné 226_1s connecte n para bet ween t he

inlet and outReth®ffere afyme trpmliar ]naﬁetlb%sm@% ehd Lruible edrasivs g

i nj ector 230ma§e9&ayl derheon thub@18kg rﬁ@éwr niloi nec2A8 het map Zdvang W25.
Val ves_ V21 and unction 229 a e of the rotary

? % g t he 30 otger S
pi g i nf®ct or 25641 8L T ?%e??p?%ﬁﬁéPbatﬁ ap6t BFYPHR l?H?@EtEﬁ S F¥$m t he
tube 220. A dfi vbenechabasmésin. dklauHQpnﬂuaﬁﬂqxﬂbﬁa)dﬂnaqmwylmaUﬂnldh ne

and 1o the rbfaryhi g5t m et o pdgeee B loofiihss Yol CRedst01i5 %0 Ark
2002 26 V23 aqujanﬂctrwazmm fdlad f Phi etheBWalrgrnaie drioss -232t vy

controls fluhd EhgWnoByt Q%ré”ﬁhﬁ?wshb% bRt pegn Eun%hbowlreZQ&la 32%% V25
on line 226 at the rotary _injector 230 also controls flow qf inline

226. S@ﬁsorsP%BBGd239°a§e@4®raPkF@EE?¥%¥F¢N§ﬂﬁ(ﬂﬁYrhﬁni&ﬂﬁ§k9 hegtct i on
228, junctioprédzfed! OAagquam et b Lt g e phrerf@z&aia NeArt tt'h% mtr@r y
injector 230. A drain t@ %44 |§H$rOV|gEg on e éﬁ &% injector 2

whi ch drai n T'f¥e 2447 5¢Rar§és tHr otigh 88rv I} &% 348°

cat cher bl eedchlae aOrauﬁdadtwlvalveuV@Gbeonaedtsatﬂenplgu@au@gemlb@gthe

t ube 220 out r
14A- 34D, Theaﬁ%k?%?@%?%?%’%}%%&? aE“o'tS g{r?%%gbgrgf%é%%t@\g}hd Siding 050

in the29 ot at neCHP IR . edganday itqigneratepred tdiag ﬁh%@qr@tpa{qawgds&r rel

252. Ports 258 el | notherf | pagesi 254 aag 256 nespecEbyel yhEeorieet
bet ween t he tube_220 an ed |ine

the ble 9. .Ports 262 and.264.in th
flanges 2b4 HARI986 PESBbetLvENSy cBRfothEbaCHERh VnEotte 358 RIE 285 A
singl e port 26busn ffangahzbh6t speapinhg ascessn20 Fart helgthatdeape2Biuiieom t he

out si de for %ggigéggggﬁsl ng 5§g9V§5¥1%£aR£Q@ekgiosﬁeﬂ ?gtfggoéhg gg%ber

250. The cha rotate from bérn ween por
( RETRIZYE posrtéiongr nm)@n@édmmg\am bé Lpﬁﬁcl BB YRICESS hsus imgiter)iadigd t o

bei ng bet ween,penh$ng bt REH wdald AN A N be ﬁ@édswdfe%@n%ﬂﬁg;ns

such as a chain drive (not shown) nay be used to rotate the barre
on the intended application. The selection of

appropriate metallurgy for cleaning a tube is well within
the skill of a person in the art. For example, it is well
30 known that the hardness of the abrasive material should not
exceed the hardness of the tube or other fittings such as
valves in the tube system. In addition, the material should
not corrode easily within the tube operating environment.
The square edges 113 of the wire 111 form scraping edges on



The apparatus of Fig. 12 works as follows. A pig is placed in chanber 250
of ‘rotary injector 230 through port 266 with all val ves except V24
initially closed. V23 30 and V25 are opened to fill IlnéEUZABRaHMZZSZ with
fluid. The cR@a¥ess850 is rotated to the LAUNCH position and ﬁnters
line 226. V24 is then closed and the pig is driven through |ine |nto
the tubes 220 and past sensor 238. Wen the pig trips sensor 238, v24 IS
opened, and V23  _ WD 99| 23438 PCT1CA98J01011 3 0 APR 2002 27 and V25 are
cl osed. Chanber 250 and lines 232 and 226 are then drained through Iine
244. Chanber 250 is rotated to the RETRI EVE position. The pig is driven

by operating flalied m@ﬁmmemefzeﬂetml}uﬂrmt immsiP29 owhgheset strapsng

sensor 5 239 a d p he ery g@fg
V21 and V26 areréqi %ﬁrﬁogec@lgrﬁ 8n%9tg{i (1%5%96 gﬂ%:)harrb g% ﬁggebe
drai ned throughll-ne Phg. “Flﬁ?é‘aﬁ’llglgrra;ﬁcim b@r%@mh&a t diehe IVAUNCIRNES

position to corg;emdﬁmﬁ&%%%&@@ fIRABSBE, DHaret udesetpibhge
ACCESS 10 position for retrieval. The ry injector 230 is not preferred

due to thé dif A AR of SE@SFFhSthé?O b 2%0SFRaPHAS L AGARand IRETRE EVE
positions. A fwadeeofeabeglindriehlpbgdyetitidl ayis am ithes benBral Ekgs a8.
Referring to Fi 13, .a {ube ar, |pe 270%5|nth P)Pge secti

operating heat &9 §:y§}l}€p &Tsd ) § 8 £33 3 FPPESAS Y 2%% ﬁgﬁameter
conventi onal rrarmeraranda:dlschaﬁ’cgles Iﬂiglnd i emparsvianmte onabdp hiarateiondy ougihd

outf | ow mani 0l 2% AP o0t NSe Al 1P aBeaL LIS ZAR Y (RSO BBoer,

treated in |ike manner onnect ed N par al
to the tdife 27dassdieh @lhérff—'m?ey aﬁélb@bl%t p@iymﬁﬁsuubéezmgatsf}qmbdlbﬁs

278 and 279. AndAr ¥nRhgell D €5f Ome2dq (SAMR a§1ﬁ\b§a9n¢na9£%1' Nshich <)
is provided on the pig return line 276 between V31 and V32. Val ves V31 and

V32 at juncti off 124 bl%y SeERmiConandchaee Mospedymesiy Paberial t#ESPe+aFsd pi g
i Ej ector 230 fmlcirﬂrt he ¢ .uberkyO0. tlgmdraﬁ/e n\mhamrg?rﬁaramidhrmf@e @h@lﬁ(ﬂlt o .
the pig return_|i provi de connect to ow
el hd | onat | SraEratly bePpRECREE sRYnda Py Gk RS S-35 beh Sre e
284 cont A6l s flafi ;¢ fsolid nbog 30tohpekimne 2821:hv3zfl@tmbrldll$yf lag dadalpuw tom
the inflow li ney EI\Q_%% jéi%tsj ¥ %’%g@]d 278. Sensors 288 and 289 are

a

provi ded respectively at junction nd junction 279. A drain line 294
control | ed by val ve V36 ilheptadbudea seshhmayobarg knpjectBig®s0t. vk cHBIrain

line 294 di schapigaqd 79 orV 8&5@@4&81{@)%98&%0% RnétFed 0080 8s i dvrough
reservoir 296 and punp 298. A catcher line 299 with.val ve V25

connects the pitg dat&che?SE oCfhEREUBR 370 tha FIRPS i hi? &BiFor 4800 BaY be
suppl i ed2on t herientied ppagrah] €Tt @b ttﬂ'ledFJILGﬁﬁltt\b&ﬂnéhe ap:u@ exf t £hHehecilod ar y

injector. 5 Th argt us Qf o foII P ced ,in
chanber 250 of e(r 0?;2 a’l nj ec"faal: %ﬁfjﬁ I\-rl\/(c)i)u gs %v&%%a I"% valﬂe‘i;l egtchept
V34 initially dloopsd. IMSBOJamhwai ateanpeapdrpprﬁate lingd e28ZL op téxdmhpleal.
The chanmber 259e'z?e'h%@u@%xi OtchWcHeNi% 1%%13 29N 304 e died RIUE r%ig%’

line 275. V34 is then closed and pi riven through line 275
the tubes 270 dnd &o@{blﬁdwt%@ lVﬁEﬁ Lhe prg ShPS s¥hsBiI284B-v34The

opened, amd V3iknamdsH3emahe G‘|1986d4ACBﬁHbﬂ§ @@n&ﬂéﬂe&lﬂe&l?@?oﬁéht?a?@l&[e
t hen dralnedthrou h l.i ne 29%1 nber 250 is. rotatedtot g?l

bular mes shown in Fig. 1s capa ial
expansion from full compression to twice the diameter. As
an example, a tubular mesh 8 inches in diameter in the
fully expanded condition will fit within a tube having
30 inner diameter of 4 inches when fully compressed. A slight
overcompression to less than half the original diameter is
also possible by overlap of some of the loops of the knit.
In the fully compressed position, there is little, if any,

bypass of motive fluid. As the tube expands downstream, the



15 position. The pig is driven by operating fluid through the tube 270 to.
junction 279 where it trips sensor 289 and V32 and V35 open to allow the
pig to enter chanber 2S0. V32 and V35 are then closed, ﬂ Rpw ed |line
298 and .chawbesnrids® may be drained t hrough |ine 294. The Pi @c Agg,{m,nlb 20
returned to the LAUNCH position to continue the cleaning cycle as required,
or returned to the ACCESS position for retrieval. The nethod of the
invention may al so be used to clean tubing used in other chem cal

processes, such as heat 25 exchangers, whi#e the tubing is being used to
convey fluids. In addition, the pig may be returned manually fromthe
outlet to theMpRhevilprerpgndain r‘%Pn@péF‘FE&Sf tBnelipeebert elntIenei@l Mt on

a nmechani cal HgytcRaysvehuaeda ﬁﬁb‘u@)ioﬁt out préFeshreduent IhdA MAKSYY
skilled in the t could rrakeLrTaterl gtallcatlonstothelgventlon
described in PRFE ARt WoctHEAt WAHOUPTRESAP: i WPt r o t RE eSL8RRe Bt the

i nvention thatirsulakrendedst prhetdoubiled hathesscape ief pived exdraidra:Hatat

fol | ow. 9/ 8 08/ p | NENTS OF
THE | VERTT O TR VR C A EXEUSPIE PRCPERy B PR e TECTAl NEDSARe
DEFI NED AS FCcionenferenceewhet ofienashnheng ubheg axisanobpéhet imdpuiieat er,
in 5 which thﬁeEHb'@ﬁlgaéngﬁréﬂl@Em??@t@nc?%bbﬁ%er%ﬂ%lgﬁtQﬁ%a%ﬂ%@rkﬁ?Qﬂ the

steps of (A) running a pig through e tubing fromthe inlet to the outl et
while the heaP&P€is in operation and (B) returning the pig to the inlet. 10

2. The nethod of CI ai m ot uat heri CEMPaL Shdgefettubllag tast)) dat @itBe Jml et
al ong re#)urn bn& riﬂrh aral |l el congectian to tE Eeat tubi ng, 3. The
met hod b i STBE8sPEHRAPi oS155UHAR Eod TOF { AB Bt dAF
tubing via a bmmmétenmpuhmlmeaﬂdsdn i péréoof.)r@wzﬁa ipradeesa o dsar- geettuion Ng
the pig to the_inl T. i unched
into 20 one o? %’éﬂtﬁ er ﬁ%?‘%%é}g%d@{ OS ?dg[gurﬁh{h mé‘peby E‘s% dg%ée% o

| auncher nounseit d‘dﬁ%{li@eﬂ@d le@rdieagiionhe Ifehber tubbl ay neshtie Hcelbtqfr n

tubing. 5. Thgsggt PRd-ghed S¢ mérifémt@eglzc&rmrmﬁﬂﬂ% wmwa&gr&efg% Y
fromone of the heater tubing and _the return_ tubing with a pig receiver

mount edl par al Fande it R¥RARS N t“‘ﬁeuhé&ﬁ’élr glbif Ejb‘én%l"t‘%%l rX (5 MA RS, 6.
The nethod of p&kaiplé, i shetiléhba shages. combined pig 30 | auncher and

of G aim6 i whioh the e THbTREY SicrosBatbyoE Terinify B% ESAFre | he
pi g i s runni ngntaraughll-shaged 3 FHINRCH @q%/mezmr of varlous ways
For example, tubular mesh may be rolled into a ball leaving
20 an end portion that still has a tubular form. The end
portion may then be twisted and pulled back over the ball
to wrap the ball inside the end portion. Such forms of mesh
are commercially sold for household cleaning operations as
for example the household cleaning pad known as CHORE BOY
25 tm sold in Canada by Reckitt & Colman Canada Inc., Toronto,
Ontario, Canada.

Although the tubular mesh of Figs. 4A-4B and 7 is
self-expanding under pressure, it is preferred to provide
an expander 120 (shown in Fig. 5A) biased against the

30 tubular mesh 110 for urging the tubular mesh radially
outward (as shown in Fig. SB). The expander 120 may be used
to control the force applied to the inside wall of the pipe
to control the cleaning action. In addition, the bias force
applied by the expander 120 regulates the speed at which



3 0" APR 2002 30 the heater tubing, and the return valve is opened after the
"pi g passes the boost punp connection pipe. 8. The nethod of daim?7 in
which the return tubing is 5 connected to the outlet of Gh§ﬁ r at a
junction, ambesnxns |l et valve is provided on the outlet3 0 E@emggg,mmt he
junction, and the nethod further conprises the step of: closing the outl et
val ve after the pig passes the boost punp connection pipe. 10 9. The nethod
of Claim8 in which, when a pig enters the inlet to the heater tubing,

after passing through the return tubing, tHe return valve is closed and the
outlet valve is opened. 15 10. The nmethod of any of clainms 1-9 further
conpri sing repthei Agvicepsraverl im the tyke -nEhRogxprndAy b0 cinifikg 1510

further conpri §bn§ln29héh€orr§t@f)5a He TP T QFil R0 SHITRE ESthd Witz malyhe
outl et of the tube gwhen the process .paraneter at the outlet of the
a

tube indi cat esPg dBGFEdatPoNasY ERFi EPBREONORT: rBeh SR NI ChReFs ShaksFen
set point, runﬁfngxphadlélrgntalyrmhlstdm tmbﬁl.rhpl@|Baleh€lstlmbﬁ; Weigua. ridde

heater is_operatiyn 12, The th d of _cl al 0 step
of runnlna a p?ﬁdt%r%ﬁiﬁl% 1% |%gu$90 ?ﬁ e  Thtert 3?€Pr outqgf”ﬁ%ﬁle

t he heater is Theopspanhden, 12@ rmrrbeecbsometafntcal ,cdmra&nenhrett Hre- I @emdsd on

t he i nside of CINAY | t a q ar e APR
7002 31 13. Th%?ne%h% f112£ %,alér%ge 1&% nw Eﬁﬁg tgg’@ : ggﬁa(}
first section WRPhmayfhave W%mkrSW%%%W%ﬁ% thiath ad Sege

diameter and t8e pedsi $1vaal abl Myﬁéganeﬁel exﬁaﬁdekeqalonan@ottlaufsh%ofrﬂt&%tl and
second secti ons, 514?@[9% rrgtho of _.any clainms 1-13 in which t g is
dt

a brush pPg. 15heTREE £ §ﬁ9aB@eEl'a'rr eXPINARTWH20N Mele 15iSg L f €0
formed of a neebnsiBerdfea midyodioh efyce@ler rddis queaciasi @@z@leaﬂdris:ullar
mgh the pig pas;a.SgLapl 09438L) 00 S8 oM PYbQNEL! $diRal gdges B ret
using the tubular mesh. In this case, the expander 120 is
preferably made of the same wire as described above for the
15 tubular mesh, with scraping edges extending along the wire,
hence around the outer periphery of the expander.

The expander of Figs. 5A and 5B has the
disadvantage that since its expansion requires its loops to
move circumferentially any friction between the expander

20 loops and the tubing or the mesh will tend to prevent the
expander from expanding. Thus, it.is preferred to make the
expander, as shown in Fig. 5C, made of lengthwise wire 121.
For use as a pig in itself, this expander has less
efficient coverage since the scraping edges that carry out

25 the scraping function are then effectively only the end
pieces, which tend to become worn, and thus are not
preferred. An alternative is to have the wire 121 be wavy
along the length between the end pieces, so as to provide
more scraping action.

30 The body of the pig may also be spherical and
could in one embodiment consist of a ball of wire or wires
compressed together with random portions of the wire

forming the outer periphery of the ball.



15 17. The nethod of any of clainms 1-13 in which the pig is entirely nade
of - netal. 18. The nethod of any of clains 1-17 further conprising, before
the pig is run through the tubing while the heater 20 is in operation,

t hor oughl ywe) ®ani3zg the tubing with a pig having a robust sgtpeisigati on.
19. The method of claim 18 in which the pig with a ro@ngstAggc?W ng action
is a polymer pig with netallic scraping 25 el enents enbedded t he pol yner
pig. 20. A nmethod of cleaning tubing, in which the tubing has an inlet and
an outlet, the nethod conprising the step206f running a nesh pig having a
scraping action through 30 the tubing fromthe inlet to the outlet, wherein
the scraping action i s daus@euEiamgithedtnbulegdgaesdf 1dAecvr 1iBr ehaoiids on

t he outer peri 4 he pPng 9l +A98E£R310 P 0z -.
32 21, The morhoq B 6l aim S0 S ehi o A EaCrUbl g (2 Cobing. R & hearen and

in
the step of rhi toRethey ahr bhgneree iRy GaPata 64066t theperdeafy. 5
22. The net holctma‘ Uliibailmﬁfheﬁ;w.t h?r @ORRAL I ﬂgilsrlehﬂrBéngohéewitlBUJﬁaﬁtﬂBSh
pig to the inlet alon turn tubing, in par conpection to the heater
Pubing. 55, THOWG: o8 Sheci LhanSoRek B B Toes pr§SPERREn e SHORETDSEhe
tubing after certhamdent thed fogeaebenn THee axpsirdizofshicd d bei agpbbiebef or e
t he contam na . dﬁggd : e t LaiLm u er

conpri si ng, breé%(ér%gﬁitl%g{tu ul g%géﬁ%gégplégfelgqguﬁh %rlgggh %ﬁe Ehgi"ng‘m i 75 the
heater 15 is ileagters @ of, itisoriaidtiiy diemeitey-the tubing with a pig having
a robust scraping act | ofnebutiih i Sodih AL gkl WAI b idle Pigayl th

a robust scraping action_is aRB?I ymex pig with netallic_scrapin )

el ement $%nmbedde® iPF t RRIBoLYREY Higeavs. 1A% msted o1 cFedni By tiibi Figisin
whi ch the tubiingtazean thd ateawrsl siiowld | 8¢, athe smetdeod o Mpongi Hgdihel st ep
of running a pi_.g having a,scraping action.through the tubing 25 fromifhe
inlet to the %%Seto'g\/\ﬁ%eetflﬁéﬁﬁgaﬁg?ﬁf 53 gb%r%@?%ﬁ,oém&’%i e?}ﬁesg%‘r‘%gi ng
action i s caudedweydedngogedhanl tedgeseoft ameavelding . WIneshba ¢xemple er
peri phery of pi 27 e cl aj i pch.the pig ks run
t hrough the ttt}l?ll%r]g 3 tuégrcoﬁtégﬁ ngg{ngﬁggg%gr rr'g;é%%%hgw%i dJétt' ofe)%h%n#%bi ng
but bef dbe t h@addwldyi-napd Naseh¥egeaedThe tubular mesh 10 or 18 should

be at least 20% longer than the biggest ID of tubing to be
cleaned to prevent cross-ways motion of the tubular mesh
through the tube.

Another embodiment of a metallic pig is shown in

20 United Kingdom patent specification no. 844,116 published
August 10, 1960, and also in United Kingdom patent
application no. 2,175,666. These metallic pigs, including
metallic brush type pigs, are believed to have utility when
used in the method of the invention, but are not believed

25 to be as effective a cleaning device as the well known
polymer based pigs with hard cleaning elements that are
described for example in United States patent no.
5,265,302, which, if they are sufficiently tolerant of high
temperatures, may be used in an operating heater,

30 particularly for very hard scale.

Exemplary polymers for moderate temperature
applications include the following materials: ETFE
Fluropolymer (Tefzel®), a melt processable fluropolymer
available from Dupont; LCP (Polyester Liquid Crystal



_ WO 99/ 23438 33 PCT/ CA98/ 01011 ~ ~ APR 2002 28. The nethod of claim 27
‘conprising repeating the step of running the pig through the tubing after
contam nant has _ forned on the inside of the tubing but before the

cont am nant Soaigdened. 5 29. The nethod of claim26 furth i S ng,
before the S‘Pg I's run through the tubing while the heagg @5{;‘"&3%@’5@?‘: on,

t horoughly cleaning the tubing wwth a pig having a rob 9219 action.
| 0 30. The nethod of claim?29 in which the pig with a robust scraping
action is a polynmer pig with netallic scraging el enents enbedded in the
pol ymer pig. 15 31. A nethod of cleaning tubing with a pig) in which the
tubi ng has an ipbEymanil, ain@et| €he rElidrand MHIGd¥s Xy ddr™st sesidiQabliet h
a first dianete nd ond,section w.th secqQnd._di anet er. an e pig is
vari ably expandéﬁ?‘g f Qggﬁéagbll%%c Tt h #%113 r1‘(%65% %%5 p%ecé%oqﬁ;c?%ge'ct &'oc‘tnﬂgs taﬁ%
met hod 20 conpr¥glagivatystewy ofatemidlsy wWiphg umasuad apseopapt hgsacwhose
through the !uUbLogigom 100 AN ot NS sl oYl URe dlde! Slv-aNdp1e
second sections erein the scraping action 1s_caused by |ongi fudina
edges of ohe orf%r’éhﬁﬁﬁegaéﬁr%ﬁésoufﬁ@rPEQFPblﬁEWgo’rstﬂemrs‘iséﬁ PTOSPLYPRE

met hod of cl ai Mdde i behingdlddie, PhlchiisbUnot hrigh e diking o¥file®t at ion
contam nant has forped on the inside of the %fgl ng but before the

cont am nant had"¢Rr HRRed. 2ReVes. Ofher 1R heHL oS cFadtm BaYT bRt HEPdc dmGHEeng,
bﬁf ore th Ihe p: g PEEKLP‘?Ilﬁéﬂhwfeb_ &Iﬁ@rlﬁé&kﬁd]_ﬁa,\l\{]ﬁd@ri 2 Ivegttefeﬁns ThegRRicampdn,
t orougnly cleanin t t 1 Ng t | avl.n ro crapl act.l.on.
WO 901 23438 34 PEATKHNSE? 01 ZEM 103 -0 LAER Sy O B Fo PR g
whi ch thel@i g vkndwm asbiBttes® apiaid abdei dirans GE poPRfePopiygtivetdsuldbakl, i c
scraping - ele enhe i po 0. . d cl i ng
tubing, in whi R tg%b?ﬁ‘g‘gﬂ%@c%ﬂ??;n| e ao‘ﬁ“‘t’]%t,’f? B! i ©! 988
conpri si ng t he seWefivehyil ndd WingdeavERgracpénapifg Jenown taf odygmumie
tubing fromtheyvid RAb1® £:6n Millseli ¥OAtSut hepAaR 18/ pH thd ThdREE AN as

wherein the pig is.r thr ough t he tib{)?% a}:.fter 10 cont ami nant has f or ned
on the inside AMRITubVREEEEY BYRLaPLRe IXGM fiMAR0n IR REFBEREAVely:
The net hads of chps NnPShyphenyleh@gsuEpidd | Ngndéke S& ePodt ronMNi ngbirheonpy,

through the tuhing, afteg, COMATLNARL, N8S from GE, Hoechst Celanese, LNP,
Phillips, respectively; Polysulfone, known as Udel and
Mindel™ available from Amoco. Design data on these
materials is available from their manufacturers.

20 So far as known to this inventor, some of these
moderate temperature polymers are satisfactory for
operation up to about 500°F. Above this temperature,
metallic pigs are currently believed to be required.
However, it is believed that as other polymers become

25 available the process described herein will operate at
higher temperatures with polymer based pigs.

Ceramic scraping elements may also be used
provided they have sufficiently resilience and strength to
allow bending of the pig without fracturing of the scraping

30 elements.

The pipe pig of the present invention 1is
propelled through a heater either using conventional
methods or using the new method of operational fluid

(liquid, gas or a mixture of 1liquid and gas) passing



3.5 formed on the inside of the tubing but before the contam nant has

har dened. 37. The nethod of claim 36 in which the tubing has a first
section with a first diameter and a second section with a 20 second

di anmeter ambbddmmapy g i s variably expandabl e for cleaning boi’bT}(‘R?S/MO'iﬁt and
second sections. 38. The nethod of claim 36 in which tai mlﬁ ornmed of a
tubul ar nmesh. 25 39. The nmethod of claim38 in which t 28 f or med :
froma nmetal wire. 40. The nmethod of claim36 in which the contaminant is 3
0 coke . 41. The method of claim 35 furth@2 conprising, before the pigis -
run through the tubing while the heater is in - WD 991 23438

PCT/ CA98/ 0101 EIrapdipre e popdyide she bratetighPycPrREakiing -t RBet BBPARY

with a pig hayikp dafobdStisehdftad 8BkbA8h 4he Th®JEIIOORE RbaLEY4Lsi N

which the pig with a ropust 5 scraping action is a polyner pig with |,
metal lic ser a;ﬂ%"elﬁe’rﬁ ST a9 ncf?f%n p&l‘?n}é‘?a‘gﬁaﬁ: ‘ﬂé.egAgBQF‘QPH%nﬂor
pi ggi ng heat era tadhignicuanocppenatbng Heatiesr , ptéfeteed etot WEtgclaviape
inlet tukyng u | Q. in t ppar.at. I s§ ng.. return_tubing
connect e? to S’h%%}?n%iegé?ug%%gpat ggdf iQrﬁgg %g)r?%tlllﬁg"r?%%w tczl%%‘el%ft?ef‘m?ggi ng
at a second j wwsingn;ofpignd aneoientgranduiddepi p§ thlrpndaposshaectbdleor
l'aunchi ng of RIS chilih ARG LRFDVARLL OfaPI0S ifd A ding Bpatek il t Hpbn%oﬁed
return tubing; an outlet valve on the outlet tubing downstream of the
second j uncti ¢®nde 159 fe Fijfh Aphde He MRIWRA €254dding; -a return val ve
on the return tubing;, awhid® arreeyRtepi gal’ bRPRANGEAN vt Bpekatel,t ubi ng for

detecti Q%mhenl%ﬂglﬁ%giigoclose %o the inlet tybi@g. €4ﬁ€;3e a aratgisof

claim43% n W& S i §°1 &ETERTg PERETVi AYEEREEH yboﬁ%?is% :
purpose, a control system may be connected to the trippers,
valves, boost pump and pig launcher and receiver for
controlling their operation in accordance with the
operating principles outlined herein. Other than as

15 described, the tubing, trippers, valves, and boost pump

mentioned herein are all conventional.

It should be appreciated that Fig. 1 is not to
scale. In practice, both inlet 12 and outlet 14 may pass
out of the heater in close proximity to each other, and

20 thus the return tubing 18 may be a very short length.

Fig. 9 shows an apparatus that may be used to pig
an operating heater with one of the pigs described herein.
A tube or pipe 130 in the furnace section of an operating
heater is supplied fluid from an in-flow manifold 132 in

25 conventional manner and discharges fluid in conventional
manner through outflow manifold 134. A pig return line 136
is connected in parallel to the tube 130 between the inlet
and outlet of the tube 130 at junctions 138 and 139. Valves
V1l and V4 at the junctions 139 and 138 respectively isolate

30 the pig return line 136 from the tube 130. A pig catcher
140 and pig access port 142 are provided on the pig return
line 136 between V1 and V4. Drive fluid for driving the pig
along the pig return line 136 is provided through line 144

and valve V2. Motive power is provided by pump 146 on line



25 a pig launcher nounted parallel to one of the heater tubing and the
‘return tubing; and a pig receiver nounted parallel to one of the heater
tubing and the return tubing. 30 45. The apparatus of claim44 in which a
singl e combipesh i@ | auncher and receiver functions as the pig, Mgﬁr and
the pig receiver. 46. A pig |auncher and receiver conprisi ng 123438
36 PCTI CA98/01 O11 3 0 APR 2002 tubing in which fluids rr@/%fgpwz pi g
| auncher and receiver body, the pig launcher and receiver ng an
interior cavity for receiving pigs, . and a3notive fluid inlet and a notive
fluid outlet, and an 5 access aperture for renoval of pigs from and

I nsertion of pilgst.i Mleet pampi gldeauacdaess@smd fledei vEromody remervdiat pape

connected to th i [ a f | a n d t
fluid inlet; ar‘l‘%ou erﬁg}él geQCOér?%a%@ ‘&%ﬁ% ?ﬂﬁﬁ% g{&g %%gong%ldgo‘f%%cg i on
and connect ed taPMHiREtFDELyRiLbY dapul$fétt0 ahe tudte J3I0veFdawt Adonhal binegs pe;

and an outl et \i@oVea&E‘ 1he qui |l &ndiPeed by THRIRES l@Ingher yvand A eggi ver
of Caim46 in which 15 the inlet valve is a three way full port valve

| ocat ed af® t he HaHWE JdRet 184, 1aPrarided é’eltd{ﬁﬁfhé}lﬂaﬁ‘dfcﬁééepﬁ?ﬁi 5t2@RE m

47 in which theaautd at2 val iELldisd aiﬁéirreelsmwﬁuﬂ |fmﬂcdx@ii@lie§&6\}§)€d\r@1\r80
the second juncgt

pi g launcher and re e|v aim 46 further
conprising a v&l‘{/elsorPﬁ%ve“{]e@o %\égsﬁ‘ Cfaftr S“&??d 138 ¥ ddnd
junction. 25 5@ralitae \appmmiets:softrfa iy 4atfahdhearo cmmrtumenglam dooslopunp

connect ed £0 t e gut ety (GNP dIGAS PUTH CHNDPCLLE 8] PRrc Hohrea

Appar atus for pi ggl ng I'n"an operdting hea
t ubi ng hawi ng iatl ethe ubivmgtaea 01,1343 et Juubtnqn t hao a@@dr awis G‘@ﬁp‘hlem ey 0

respectively. A pressure sensor 166 is located near the

injector pump, and a pressure sensor 168 is located on the
reservoir 148.

The apparatus of Fig. 9 works as follows. A pig

15 is placed in pig access port 142 with V1-Vé all initially

closed. V5 is opened, the pump 146 is started and then

valve V2 is opened to place pressure on the pig. V4 is then

opened until the pig trips pig signalling device 160. After

the pig passes the junction 138, V4 is closed, and then V2

20 and V5 are closed. V6 may be then opened and closed to

drain the pig launcher 142. The pig circulates through the

tubes 130 until it reaches junction 139 where its momentum

carries it towards V1. V1 is opened (either based upon

timing after V4 closes, or opened when V4 closes or by

25 sensing the location of the pig in the tubes 130 as it

nears V1) and the pig is pushed by pressure from fluid in

the tubes 130 into the pig catcher 140. V3 1s also opened

to allow return of fluid into the out flow manifold 134.

The pig catcher 140 is shown as a restriction in the line,

30 but the catching function may be carried out by throttling

V3 to place back pressure on the pig in the catcher 140.

Once the pig is in the catcher, which may be sensed by

passage of the pig past sensor 162 or by another sensor, V1

and V3 are closed. The cycle may then be repeated as



_ WD 99R3438 37 PCT/CA98/ 0L O 11 ~ 0 APR 2002 pig | aunching and receiving .
equi pnent connected for launching of pigs into and renoval of pigs fromthe .
heater _ tubing; a pig tripper on one of the inlet tubing and the 5 outl et

tubi ng forwdebasdsgng passage of the pig; and an outlet val ye-@Badshgoqut ! et
tubing for controlling flow into the receiving equi prre%ﬂi ;Hrggaﬁonse to the
pig tripper. 10 52. A pig for cleaning tubes, conprising: R body
having a circular cross-section in at |east one plane perpendicular to an
axi s of the body, the body having an outet4 peri phery; and scrapi ng edges
formng the outer periphery of the 15 bod% wherein the scraping edges are
| ongi t udi nal @REedf Bugpri4653s FrRefpry 5 al ¥pFigPlEnPHRESHTEN®WIY i S

formed of a heijh&ali il paedri®1SCEaPnAIned98St R §ecnsrOfid he 20 gl i cal |
wire. 54. The pijg of claim52 jn which the body is forned of _a nesh nade of
wire and the %b?ln\g RigRsT aF a@dﬁb? BEESSATG A i nhiRheldBsRt Sdess

The pig of cl-pimatidon N3t Gerder Mesh sy nadivalddy tex pendablte pEesEigepi g

of claimb55 further conprisin n.expa r 30_hi ased agai nst._the_nesh for
rging the meiPRRET I8V outier PuBE”TRE" i 4131 NG nPRESERTin: SRIORE
expander is aacgridipgly WO SIdZEA3IRTRCILCAS8ACL DA Be (C AR 2BV 2138 bB&k The
pi g of claimpyyln vy Ghe tHhey Randesuis Eaheld G@le ssggrhﬁ% di sposed i nsi de

the mesh. 59. A pig for_cleaning tubes, conprising: a body having a
circul ar cross-section BE@ETIRGsEC kg pl hfe petpePdPEuPaPet &78niaxitdieof

the body, therbathcdayedgican 68t ah RYHRENY Y NOs edggplieamenaiishe
outer periphe of the baqdy, wherei he_scr.api ng edges are | ongitudi nal
cdges of0 10 FIRENiaal GLel AR HPLNLT 3 | oo AT G UAMGRE L A8Smesh
is radially ekipsridatdes fluid in conventional manner through outflow
manifold 174. 2 pig return line 176 is connected in
parallel to the tube 170 between the inlet and outlet of
the tube 170 at junctions 178 and 179. Valves V11l and V12
15 at the junctions 179 and 178 respectively isolate the pig
return line 176 from the tube 170. A pig catcher 180 and
pig access port 182 are provided on the pig return line 176
between V11l and V12. A drive mechanism for driving the pig
into the pig return line 176 is provided by a hydraulic
20 injector 186 coupled to a hydraulic fluid injection system
188 through line 190. The hydraulic injector 186 has a ram
192 which is extendible into the pig arrester 180 by action
of hydraulic fluid in the injector 186. A fluid return line
194 with V14 is provided between pig access port 182 and a
25 drain reservoir 195. Sensor 196 detects when reservoir 195
is full and requires emptying through outlet 197. A catcher
bleed line 198 with wvalve V13 connects the pig catcher to
the tube 170 outflow line. Pig signalling devices 200, 202
and 204 are located at the junction 178, junction 179 and
30 pig catcher 180 respectively.

The apparatus of Fig. 10 works as follows. A pig
is placed in pig access port 182 with V11-V13 all initially
closed. V12 is opened, the hydraulic actuator 186 is
activated to drive a pig into the line 170. After the pig



15 61. The pig of claim60 further conprising an expander biased agai nst
the nmesh for urging the nmesh radially outward. 62. The pig of claim6l in
which the expander is a spring. 20 63. The pig of claim62 in which the

expander i swp bgisus@l spring disposed inside the nesh. 64. TpgrEAgs cI aim
60 in which the nesh is radially 25 expandabl e from a f|r ge

| east twice the first radius. 65. The pig of claim59 in sh is
a knit. 30 66. The pig of claim59 in which the nesh is a vveave. 67. A pig
for cleaning tubes, conprising: - WD 99123438 PCT/ CA98/ 01011 3 0 A PR
2002 39 a body nmade entirely fromnetal and having a circul ar cross-section
in at |east onpapkase penpendi200l, arvid as -ckoxsed olnpheVbddynd h€lBodyre
havi ng an outerﬁﬁﬁr lehery; and scraping edges forning the outer periphery
of the 5 body, erein the scraping edges are |longitudinal edges of a wre.
68. The pig-of claim67 Thewhighcirmulgitey $haerigtelchentybest 1netentik ilire.

10 69. The pi gr@BcﬁE@ '}]hﬁ%tthV"i“@hnﬂé'&?e r@%@'&dn@‘eﬂwr@ élﬁsrfeé)olt}’%%&lrds

cross-section. 70. pig of claim®6 which the wire has a square 15

cross- secBi on. V#1.- T‘ﬁ’e pBg ert| angn G’Pel rﬂm%heﬁhélél& dfrmgcalgbsT] ilé3 n
pl anes whi ch aggrought Pllded | yimer pendiglaest @hehgiaxi snob the kedrhe30

72. The pig of Ial g? I n_which the $od radi al | y expandabl e. .73. .The
pig of claim73 Uvﬁ EnPLHeCRbeT %d’?lsaﬁs'ip% ae&p%/ HGHIRR 41 ithet
radius to at Iéaate tvihete the faatsthimedi fisncTion Amaiyg ber aziraamdhgonubegz
fo”p“ sing: 2 hgll, 9\9’1’5\51%;6"\}150\{) 14‘&‘”19&)? ghe%%hg %ro éiﬁon n3qne at
east one pl ane perpendrcular n axi's e Y, aving an
outer pelDpherg¢ataehdr 180. Once the pig is in the catcher whlch may be
sensed by passage of the pig past sensor 204 or by another
sensor, V11 and V13 are closed. V14 is opened to drain
fluid from the pig catcher 180 and pig access port 182. The
cycle may then be repeated as desired. A variation of the
is pig return drive mechanism shown in Fig. 10 is shown in
Fig. 11, wherein an electric ram 208 is used with a lead
screw 210 replacing ram 192, and a motor 212 with motor
controller 214 replacing the hydraulic drive 188 of Fig.
10.

20 Referring to Fig. 12, a tube or pipe 220 in the
furnace section of an operating heater is supplied fluid
from an in-flow manifold 222 in conventional manner and
discharges fluid in conventional manner through outflow
manifold 224. Various other furnace sections 223 may also

25 be treated in like manner. Pig return line 226 is connected
in parallel to the tube 220 between the inlet and outlet of
the tube 220 at junctions 228 and 229. A rotary pig
injector 230 1is provided on the pig return line 226 between
V21 and V25. Valves V21 and V25 at junction 229 and on the

30 other side of the rotary pig injector 230 respectively
isolate the rotary pig injector 230 from the tube 220. A
drive mechanism for driving the pig into the pig return
line 226 is provided by a line 232 connected to the inflow

line at junction 234 and to the rotary pig injector 230.



scraping elenents forned on the outer periphery of the body for cleaning.

t ubi ng, the scraping el enents having scrapi ng edges. 40 3 0 APR 2002 75.
The pig of claim74 in which the scraping edges are edges of a wire. 76.
The pig. of wed ®i23¥385 i n which the scraping edges are |ongitugépehogsigas of a
wire. 77. The nmethod of any one of the preceding nethod @I@pwnpl? whi ch the
tubing is in an operating heater in a petrochem cal installation: 78. The -
nmet hod of any one of the preceding nethod clains in which the pigis

di mensioned to fit conpressed within the26ubing. 79. The nethod of any one
of the preceding nethod clains in which fluid to be heated is flow ng

wi thin the tubth@anivegleiore it santewrs tfHaid filew ssnfredihs ltinen 2360C.

80. The net hoghofcaivrone fafuild1e1BweeRUERE TRt oM 1019 e due it A ildif St
pig tripper is_located at the outlet of the heater, and a valvé on the

return |ine redhorBAve2Bo e 190 stipf g2efi fhertiSs BPEABY WRERCEOPI ¢3% i ps -
the first pigalsoppenitrSls fThew red Midief iany iere 20f6 .t ISBegyacedisg matdhod '
clainms in whi a_seco piLg tri r-is | . the.nlet 1o th eat er
and a valve o%p?hgnﬁagtggzn Ial‘gﬁe qrgoéovggr?gsv]é %‘%‘é%%egé]é oIt p!]ldmt:r?‘%%e(razi%s

cl osed when tienptgonrids, tdedagncandeptgonr 2ppeandgon Thee m@ihaowaof tiey one
of the preced] tk | hn i 1.hg ;R0 4 e i tte ire.
83. The net ho%gg?PgngsgﬁgL%n?%g' p%g('(:ie. ﬁhgqﬁgit%ojd@c.rg?nggﬁxgaﬁﬁchht hg\g‘pi g
is made of woveBa Y r _el.nJ?CQlQ}‘ _Alﬂﬁozoo‘zhaqhg@rm et d 4f¢ aslisehargest he
precedi ng net PRE-GHRI FBskAvebEChabhanBl gump rad ald ycakpaBgabheeand ie run
through a first section of the tubi nathaw ng%fgfl rst. dianmeter and a_second

t ]

secti ont®f thet? bRy YRMeh Y28 SerBREtHi & SREFRERSLR Fupeareler
| arger than téecfiowtltha@nmeter, and the pig fits conpressed within both the

first section and the sgcon tion. 85.. The me (o ny one_of,.t he
precedi ng net hod cl ai rrs'ﬁlgen %ﬁ?%ﬁyt ﬁ)élgpilgljies&noardeﬁgg ol%za %rlgwn%rénw%rlgg'and
the one or notéAwl4lks Fhee pdgpainjgetalr ;2P shaeck oretating barrel 252

with a chamber 250 in the rotating barrel. Flanges 254 and

15 256 retain the rotating barrel 252. Ports 258 and 260 in
the flanges 254 and 256 respectively connect between the
tube 220 and the bleed line 249. Ports 262 and 264 in the
flanges 254 and 256 respectively connect between the tube
226 and 232. A single port 266 in flange 256 permits access

20 to the chamber 250 from the outside for emplacement and
recovery of pigs into and out 6f the chamber 250. The
chamber 250 may rotate from being between ports 258 and 260
(RETRIEVE position), to connecting with port 266 (ACCESS
position) and to being between ports 262 and 264 (LAUNCH

25 position). Any suitable means, such as a chain drive (not
shown) may be used to rotate the barrel 252.

The apparatus of Fig. 12 works as follows. A pig
is placed in chamber 250 of rotary injector 230 through
port 266 with all valves except V24 initially closed. V23

30 and V25 are opened to f£ill lines 226 and 232 with fluid.
The chamber 250 is rotated to the LAUNCH position and the
pig enters line 226. V24 is then closed and the pig is
driven through line 226 into the tubes 220 and past sensor
238. When the pig trips sensor 238, V24 is opened, and V23



86. ‘'The nethod of any one of the preceding nmethod clains in which the one
pr ‘'nore'wires have a square cross-section. 87. The nmethod of any one of the
preceding nmethod clainms in which the pig is hollow 88. The nethod of any

one of the ' method clainms in which the pig is nade | mesh
wr apped ar o%ggfl?js“g?f. 89. The nethod of any one of the pr, eﬁg[gggd‘z%fhﬁbd
clainms in which the pig has a periphery with scraping el erse t t200Be

peri phery of the pig, the pig being hollow within the periphery to allow
by-pass of fluid past the pig while the pig7i s running through the heater

tubi ng. 90. The nmethod of any one of the preceding nethod clains in which
t he pi g, havi ngrentversedreeiclosedubi Chamberi pFeched bynékuRB2pasdspre bhaek

to the inlet. T edj, hg Lmin i fl ui essure
is provided by%i’eﬁu%%%%w??%% |dg£§§ ?%g'c%#‘%h‘lg;elrf grgﬁrée rgoyéﬁ%%eagér
t ubi ng and r.et whe REBRIGVE p@shtAPR. 200 piy 9 dMivemebiodprefahhngohbubd

the preceding mRLLRLCIERTR Gk Q@bcEoLHﬁnEEgon“@bgfﬁggafiﬂ@t%Piﬁgngﬁggr

heater tubing, is conpressed within the heater tu t e scrapi ng

edges bi aSed agaihsPd Nelt arny2693perhEondihey bheahid ok eRteRechrmeeni ng
rr]!;t thod clgzl m_s} hlz@owﬁtnmd} ta?‘ﬁi Prge i aré ?d{léhl &wéegpdahhe ttatedlbql%%?d biyvi rée :‘Aﬁm ﬁr
0 WO. . e od _or an one O e precedin Qd clalns 1N | C
the pig is ret &rﬁgfr}%t%%%l 1YY ¢ Bet Ea?ﬁf“ t.&‘gg.“ggh 1pgt #é¢ of TBRP HRe
of the precedi mgymehkadbel aétBrnad W athe MAUNEN postiubbngtosScomt fnue the
petrochem cal instal.l ati 6.._Th of ._.an t.he cegl

nmet hod cl ai ns icﬁe\ﬁml@%t tﬁgc%:%ntaasm ﬁ%ﬁ?i?ggtol?elé %?gﬂl?'ﬂgénett%oghgf e%%%?
the precédi ng pestiddonl afors iretwhievhlt hdlirearerahys injectvect2d® dectian
and a radiant seelrcabeiilel B8 BhE b3rkyBuiByOUENSLAPIAY Lhe AL 250
convecti on secltion_ an t he radi ant secti on. L

AU Al . Af. A A iRe the MATNCHIpRPAAREABIRYE. ROSALimD8y. A AL[ e. A. L. A9s. AF. A?. AF

.AsH e. AF. ALI R AF. A" HR Af. ABYr#hePAé@mBYdiment of pi? return system is
AT Nn.ACA L AAY. AL3. A3 Al e, CEGNPRer uy{ vpkfa\ W ca] ca] ca] ca] cal] ca

As. Al , . Al E*Os L
Jc aUc a]c aUFBo4PciauFdda) &a}cgfgﬁfﬁé]’ga]“aaftﬁ]c i cft R HPe 270
a] ca] caUpe<a] c RaUjtheUlfeaheee( Seetion of an operating heater is supplied

fluid from an in-flow manifold 272 in conventional manner
and discharges fluid in conventional manner through outflow
manifold 274. Various other furnace sections 273 may also
be treated in like manner. A pig return line 276 is
20 connected in parallel to the tube 270 between the inlet and
outlet of the tube 270 at junctions 278 and 279. A yotary
pig injector 230 (same as the one shown in Fig. 12) is
provided on the pig return line 276 between V31 and V32.
Valves V31 and V32 at junction 278 and junction 279
25 respectively isolate the rotary pig injector 230 from the
tube 270. A drive mechanism for driving the pig into the
pig return line 276 is provided by a line 282 connected to
the inflow line at junction 284 and to the rotary pig
injector 230. V33 at junction 284 controls fluid flow into
30 the line 282. V34 controls fluid flow on the inflow line
between junction 284 and 278. Sensors 288 and 289 are
provided respectively at junction 278 and junction 279. A
drain line 294 controlled by valve V36 is provided on the

rotary injector 230, which drain 1line 294 discharges



5<} xsngb\ W caU] ca] ¢ aU] caU] ca] ca] ca] ca] ca] cal] ca]c

aU] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c2a] caU] cal] ca

"m $$PWBRR &&++++++m n, N/ (0111122( 3~yt oi c~Y] ] ca] caU] cal] ca] c

a] ca] ca] cajoayempeal ca] c$al] ca] cal] ca] ca] ca] ca] ca] ca] ca] calreajcgosakc"” aU] c

a] ca] ca] ca] ca (356888884868?7?7??7?DCGGEGHCGC M NNNNNN( V4V7V5)\fv Fy I &]aV\U] calc

a] ca] ca] ca] caU] ca] c"a] cal] ca] ca] caU] ca] ¢ a] cal] ca] ca] cé] ai)j‘ggﬁ ]c

a] ca]caUjca]calca]lc aUc a]ca]ca]ca

SV]]1]1]1]15eAeDeQecei G llI11111ttttt6] Bl El R &P} ~ytoje [V]ca]ca]ca]ca]c )

aJca] ca] caU] calc a]caU ca]calcalc aU%\; al c a] cal ca] ca]ca]calca]c

a] caU] ca] caUf3rdd] cERfay*Br HARYi POz PR ¢PRr ndb|CARGReT chiead] daheal ¢

aﬂ ca;J| ca;J| ca;J| QIcalicd @&Pg@]ggabca&ﬁ?é_@gé %{Jl?éﬂﬁi'@}c@t@ﬂ&alﬂdljﬂﬁa}:ﬁ%czm]

aU] calcalcal] ca c , 9<nmoqg~Vyt.oj calcal.cal]c a al calcalcal]calc

a] cal ca] ca] c?é'}tgfi] caﬁgﬁ’fﬂ] ciqeé%? al* ] cifc Sé‘})é’;]lfg A (L:qaif‘ r‘ltally ng

aiJ] cia] cal i:a]iira]e@tairammuﬁz&o!w{aeql gbeXpigcakiascahearotpty injector.

a] ca] calca] ca] ca] ca] ca] c" gl cakc cal.c ] cal cal ca
1519 1 GRhEALEA Sgufgg].cg ng})gﬁla gkeabsabeal cgl 58}

]c aUca]cal!lig+<>IMi, wztoi d

aU] ca] cal] calica]r¥deed calc aheapes] @5 eh] tathed] éapestes] cdiatbapuahca] ca
] c"al] ca] ca] al seddkd vi 3@uRie L& v34 initially closed. V3

aU] ca] cal] caJca cagca] ca] ca] ca] ca] ¢, alUl.ca] caliJI] cal.ca] ca] ca caLca] calcalc

aU| ca] ca] ca] é(]?: afcs) eg]aggfimﬁlhl&llne 282 with fluid. The chamber

) J} ti gb] X] i:]m] ciad cﬂm&?@] cé] en}:cahual:ﬂ@tﬂ]sﬁaﬁoalgaﬂdcaimﬁl pzﬂjy ceheaksal ca]
calca calg.a ca ca calcalca! 4_; . :#un+Rel xsni cllcalc
a] ca] Cg?’]c al C;L]lél%l %gl}sc.a%\@% 8‘% %g%ga}:ig%gé and the pig ls grlvel'l Hﬁrolxgh
a] ca] ca] ca] calicw] @ajscdlrua) ddie djwas f thlaoa] eajtcaeoseal 288 When the
- #un+Re} xsni %i G Cﬁi& C §?]§§j Ci‘%cé%sgﬁ}aﬁ?] S 0@33315‘?‘& %33 are
aJjcalcalcalc a] caJ] cal’ca caj] ca] ca] cal caJ caJ caJ ca] caJ caa .
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z&10% " & () - M35gare then closed, and the bleed line 298 and chamber 250
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y&10% t & ()--S10% & (1) -!,:*10%$$& ()-s :*10% %&' ()-s 10fnfn 10fnfn
10f nf n! 9X Y3 EGFERFRE () - s$9b{ Y7pQ 1 11 & S

The method of the invention may also be used to

clean tubing used in other chemical processes, such as heat

25 exchangers, while the tubing 1is being used to convey
fluids. In addition, the pig may be returned manually from
the outlet to the inlet, or may be transported from the
outlet to the inlet on a mechanical device, such as a
conveyor, outside of tubes.

30 A person skilled in the art could make immaterial
modifications to the invention described in this patent
document without departing from the essence of the
invention that is intended to be covered by the scope of
the claims that follow.
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) 1. A method of cleaning tubing in an operating heater, in
5 which the tubing has an inlet and an outlet, the method
comprising the steps of (A) running a pig through the
tubing from the inlet to the outlet while the heater is in

operation and (B) returning the pig to the inlet.

10 2. The method of Claim 1 further comprising returning the
pig to the inlet along return tubing, in parallel

connection to the heater tubing.

3. The method of Claim 2 in which a boost pump is
15 connected to the return tubing via a boost pump connection

pipe to provide pressure for returning the pig to the

inlet.
4. The method of Claim 3 in which a pig is launched into
20 one of the heater tubing and the return tubing by use of a

pig launcher mounted parallel to the one of the heater

tubing and the return tubing.

5. The method of Claim 4 further comprising removing the
25 pig from one of the heater tubing and the return tubing
with a pig receiver mounted parallel to the one of the

heater tubing and the return tubing.

6. The method of Claim 5 in which a single combined pig
30 launcher and receiver functions as the pig launcher and the

pig receiver.

7. The method of Claim 6 in which the return tubing is

closed by a return valve while the pig is running through
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8. The method of Claim 7 in which the return tubing is
connected to the outlet of the heater at a junction, and an
outlet valve is provided on the outlet downstream of the
junction, and the method further comprises the step of:
closing the outlet wvalve after the pig passes the

boost pump connection pipe.

9. The method of Claim 8 in which, when a pig enters the
inlet to the heater tubing, after passing through the
return tubing, the return valve is closed and the outlet

valve is opened.

10. The method of any of claims 1-9 further comprising
repeating steps A and B.

11. The method of any of claims 1-10 further comprising
the steps of:

monitoring a process parameter at the outlet of the
tube; and

when the process parameter at the outlet of the tube
indicates a degradation of efficiency of the heater below
a given set point, running the pig through the tube to

clean the tube while the heater is operating.

12. The method of any of claims 1-10 in which the step of
running a pig through the tubing from the inlet to the
outlet while the heater is in operation, is carried out
after contaminant has formed on the inside of the tubing

but before the contaminant has hardened.

-$l's”

C#10%8 () -$! #109%& ()-$2111]PJR1%dn]2rS4! 1110



F(10%&' ()- .!°
109K () - i <=
1 F(109%& () -

#10% 0' 0& () -!

10

15

20

25

30

F(10%&' ()- .!  F(10%&' ()- .!  F(10%& ()- .! F(10%& ()-
>222?2Wi [M 111" F(10% 10 10 10! F(109%& ()- .!  F(109%& ()-
U F(109& ()- . 7777 @BANM 11 11TV #1094 0} 0& ()-!°

[ #10%08& ()-10% 0& ()-, "10% 0& ()-L

30 APR 2002

31

13. The method of any of claims 1-12 in which the tubing
has a first section with a first diameter and a second
section with a second diameter and the pig is wvariably
expandable for cleaning both the first and second sections.

14. The method of any of claims 1-13 in which the pig is
a brush pig.

15. The method of any of claims 1-13 in which the pig is

formed of a mesh.

16. The method of any one of the preceding claims in which
the pig has a scraping action caused by longitudinal edges of a
metal wire. )

17. The method of any of claims 1-13 in which the pig is

entirely made of metal.

18. The method of any of claims 1-17 further comprising,
before the pig is run through the tubing while the heater
is in operation, thoroughly cleaning the tubing with a pig

having a robust scraping action.

19. The method of claim 18 in which the pig with a robust
scraping action is a polymer pig with metallic scraping
elements embedded in the polywer pig.

20. A method of cleaning tubing, in which the tubing has
an inlet and an outlet, the method comprising the step of
running a mesh pig having a scraping action through
the tubing from the inlet to the outlet, wherein the
scraping action is caused by longitudinal edges of one or

more wires on the outer periphery of the pig.
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in a heater and the step of running the pig through the

tubing is carried out repeatedly.

5 22. The method of claim 20 further comprising:
returning the tubular mesh pig to the inlet along

return tubing, in parallel connection to the heater tubing.

23. The method of claim 22 in which the pig is run through
10 the tubing after contaminant has formed on the inside of

the tubing but before the contaminant has hardened.

24. The method of claim 23 further comprising, before the
tubular mesh pig is run through the tubing while the heater
15 is in operation, thoroughly cleaning the tubing with a pig

having a robust scraping action.

25. The method of claim 24 in which the pig with a robust
scraping action is a polymer pig with metallic scraping

20 elements embedded in the polymer pig.

26. A method of cleaning tubing, in which the tubing has
an inlet and an outlet, the method comprising the step of
running a pig having a scraping action through the tubing
25 from the inlet to the outlet while the heater is in
operation, wherein the scraping action is caused by
longitudinal edges of one or more wires on the outer

periphery of the pig.

30 27. The method of claim 26 in which the pig is run through
the tubing after contaminant has formed on the inside of

the tubing but before the contaminant has hardened.
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28. The method of claim 27 comprising repeating the step
of running the pig through the tubing after contaminant has
formed on the inside of the tubing but before the

contaminant has hardened.

29. The method of claim 26 further comprising, before the
pig is run through the tubing while the heater is in
operation, thoroughly cleaning the tubing with a pig having

a robust scraping action.

30. The method of claim 29 in which the pig with a robust
scraping action is a polymer pig with metallic scraping

elements embedded in the polymer pig.

31. A method of cleaning tubing with a pig, in which the
tubing has an inlet and an outlet, and the tubing has a
first section with a first diameter and a second section
with a second diameter and the pig is variably expandable
for cleaning both the first and second sections, the method
comprising the step of running a pig having a scraping
action through the tubing from the inlet to the outlet
through the first and second sections, wherein the scraping
action is caused by longitudinal edges of one or more wires

on the outer periphery of the pig.

32. The method of claim 31 in which the pig is run through
the tubing after contaminant has formed on the inside of

the tubing but before the contaminant has hardened.

33. The method of claim 31 further comprising, before the
pig is run through the tubing while the heater 1is in
operation, thoroughly cleaning the tubing with a pig having

a robust scraping action.



#10%008& ()-/!'i" #10%0& ()-/!s" #10%0& ()-/!x"

#10%08&' () - / 4e5eAeDeceef goMr1! d* L#10%+&' ()-! 8 L#L0%NW ()-! XL#109R?& ()-!f

&MLO0% j & () - F109%& () -1 109%& () -

1000gghj O 1d 1 d 9"#10%+& ()-@s 9"#10% : & ()- @

\9"#18% & WJS%#N%H&' ()- 0 0 PCT/CA98/01011
CL#L109&R ()-! L#10%& ()-kII11111Cmusid! "' 10%& ()-@'t@ 30 APR 2002

s109mné& () - @L109B& () - 3F109B& ()- 10'' 10"

10'' 179" #10% ' & () - @mmoqg3r RswU3uS1d! ! x34 ' 10%r& ()-@!s ' 10%m& ()-@!s

T 10%me ()-@! ] 10%VE ()-@!'x0 T 10%r& ()-@! 109 ()- @ Rs}t~tttttt

%uS1d! L#10965&: () The | hetBO®' ¢f - d1408@ Y )18l (Dhe PimgmwliGima robust

oS OB S e R R el L
E| a| r S1d! (- L1ob@ngnts 1evpedded Finoklge (polvmenopiy.

10! d° L#109%&' ()-2z/!n’ L#10% " & ()-2/al|}}n- ~LwU3r S1d! i S #109&' () - #1i " #1098 () -

#"#109&t&f() #' & #10%DD& % g & #10% 1 & ()- ! & #10MRR& () - .  Puhwu@1d! !'i
10 . A method o cleanlng tubing, in which the tubing has

10t " #109& ()ax#'ih#é@o/&aﬁ) aft! dut 1084 éhe#!nétﬁa;a"/&oﬁlbr#bﬁnﬁleﬁfé Gref 1! X
O#10%2?8&' ()--1x° 9#10%)9&'& - -1 x> #1092 28&. x(.%;" || 9#1070CE: () - YLOY&, () =" 10%
& ()- 10] )"w’f‘mﬁ&“%#io% haying 858<1pRS Wn ehrgubh” the” s

1055! n’ 9#109&6r ) the ° 941690080 (Jthel x0051608R 211 Je - Lhe#i@dser’ (Js - Zp IML!

O#! x* #10% \
oo &'X( )-1F" 1 e ?'a %%&é %ﬁﬁ%‘f\/&%r{ Yropgh the FPPaPe. 26087 ) - o
i~ #1090 }\ & gontsiminany has( )taymed yapurhe (Inside #odounthe (t)ubsnwebw:uwzuv
7x" 9! 10‘V@J&' (L@ Ke - %%ﬁ&né nAd Wagekda - » 10%9& () -

36. The method of claim 35 comprising repeating the step
of running the pig through the tubing after contaminant has

15 formed on the inside of the tubing but before the
contaminant has hardened.

37. The method of claim 36 in which the tubing has a first
section with a first diameter and a second section with a
20 second diameter and the pig is wvariably expandable for

cleaning both the first and second sections.

38. The method of claim 36 in which the pig is formed of

a tubular mesh.

25
39. The method of claim 38 in which the mesh is formed
from a metal wire.
40. The method of claim 36 in which the contaminant is
30 coke.

41. The method of claim 35 further comprising, before the
pig is run through the tubing while the heater is in
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42. The method of claim 41 in which the pig with a robust
5 scraping action is a polymer pig with metallic scraping
elements embedded in the polymer pig.

43. Apparatus for pigging heater tubing in an operating
heater, the heater tubing having inlet tubing and outlet
10 tubing, the apparatus comprising:
return tubing connected to the inlet tubing at a first
junction and to the outlet tubing at a second junction;
pig launching and receiving equipment connected for
launching of pigs into and removal of pigs from the heater
15 tubing and return tubing;
an outlet valve on the outlet tubing downstream of the
second junction;
a first pig tripper on the outlet tubing;
a return valve on the return tubing; and '
20 a second pig tripper near the inlet tubing for
detecting when the pig is close to the inlet tubing.

44. The apparatus of claim 43 in which the pig launching
and receiving equipment comprises:

25 a pig launcher mounted parallel to one of the heater
tubing and the return tubing; and

a pig receiver mounted parallel to one of the heater

tubing and the return tubing.
30 45. The apparatus of claim 44 in which a single combined
pig launcher and receiver functions as the pig launcher and

the pig receiver.

46. A pig launcher and receiver comprising:
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#10%&' ()-g/'d a pig launcher and receiver body, the pig launcher and
. receiver body having an interior cavity for receiving pigs,
and a motive fluid inlet and a motive fluid outlet, and an
5 access aperture for removal of pigs from and insertion of
pigs into the pig launcher and receiver body;
an inlet pipe connected to the tubing at a first
junction and connected to the motive fluid inlet;
an outlet pipe connected to the tubing at a second
10 junction and connected to the motive fluid outlet;
an inlet valve on the inlet pipe; and

an outlet valve on the outlet pipe.

47. The pig launcher and receiver of Claim 46 in which
15 the inlet valve is a three way full port valve located at
the first junction.

48. The pig launcher and receiver of Claim 47 in which
the outlet valve is a three way full port valve located at

20 the second junction.

49. The pig launcher and receiver of Claim 46 further
comprising a valve on the tubing between the first junction

and the second junction.

25
50. The apparatus of Claim 46 further comprising:
a boost pump connected to the outlet tubing by a boost
pump connection pipe.
30 51. Apparatus for pigging heater tubing in an operating

heater, the heater tubing having inlet tubing and outlet

tubing, the apparatus comprising:
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. . tubing;
a pig tripper on one of the inlet tubing and the
5 outlet tubing for detecting passage of the pig; and
an outlet valve on the outlet tubing for controlling
flow into the receiving equipment in response to the pig

tripper.

10 52. A pig for cleaning tubes, comprising:

a hollow body having a circular cross-section in at
least one plane perpendicular to an axis of the body, the
body having an outer periphery; and

scraping edges forming the outer periphery of the

15 body, wherein the scraping edges are longitudinal edges of

a wire.

53. The pig of claim 52 in which the body is formed of a
helical wire and the scraping edges are edges of the

20 helical wire.

54. The pig of claim 52 in which the body is formed of a
mesh made of wire and the scraping edges are edges of the

wire making the mesh.

25
55. The pig of claim 54 in which the mesh is radially
expandable.
56. The pig of claim 55 further comprising an expander
30 biased against the mesh for urging the mesh radially

outward.

57. The pig of claim 56 in which the expander is a spring.
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scraping edges forming the outer periphery of the
body, wherein the scraping edges are longitudinal edges of

10 a mesh made of wire.

60. The pig of claim 59 in which the mesh is radially
expandable.

15 61. The pig of claim 60 further comprising an expander
biased against the mesh for wurging the mesh radially

outward.

62. The pig of claim 61 in which the expander is a spring.

20
63. The pig of claim 62 in which the expander is a helical
spring disposed inside the mesh.
64. The pig of claim 60 in which the mesh is radially
25 expandable from a first radius to at least twice the first
radius.
65. The pig of claim 59 in which the mesh is a knit.
30 66. The pig of claim 59 in which the mesh is a weave.

67. A pig for cleaning tubes, comprising:
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a wire.

68. The pig of claim 67 in which the pig is entirely made
of metallic wire.

10
69. The pig of claim 68 in which the metallic wire has a

polygonal cross-section.

70. The pig of claim 69 in which the wire has a square

i5 cross-section.

71. The pig of claim 67 in which the scraping edges lie in
planes which are substantially perpendicular to the axis of
the body.

20
72. The pig of claim 67 in which the body is radially

expandable.

73. The pig of claim 72 in which the body is radially
25 expandable from a first radius to at least twice the first

radius.

74. A pig for cleaning tubes, comprising:
a hollow metallic body having a circular cross-section
30 in at least one plane perpendicular to an axis of the body,
the body having an outer periphery; and
scraping elements formed on the outer periphery of the
body for cleaning tubing, the scraping elements having

scraping edges.
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75.  The pig of claim 74 in which the scraping edges are edges of a wire.
76.  The pig of claim 75 in which the scraping edges are longitudinal edges of a wire.

77.  The method of any one of the preceding method claims in which the tubing is in
an operating heater in a petrochemical installation.

78.  The method of any one of the preceding method claims in which the pig is
dimensioned to fit compressed within the tubing,.

79.  The method of any one of the preceding method claims in which fluid to be
heated is flowing within the tubing and the temperature of the fluid is greater than 260°C.

80.  The method of any one of the preceding method claims in which a first pig tripper
is located at the outlet of the heater, and a valve on the return line responsive to the first
pig tripper is opened when a pig trips the first pig tripper.

81.  The method of any one of the preceding method claims in which a second pig
tripper is located at the inlet to the heater and a valve on the return line responsive to the

second pig tripper is closed when the pig trips the second pig tripper.

82.  The method of any one of the preceding method claims in which the pig is made
of a knitted wire.

83.  The method of any one of the preceding method claims in which the pig is made of

waven wire.
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85.  The method of any one of the preceding method claims in which the pig is made of

one or more wires and the one or more wires have a polygonal cross-section.

86.  The method of any one of the preceding method claims in which the one or more

wires have a square cross-section.

87.  The method of any one of the preceding method claims in which the pig is

hollow.

88.  The method of any one of the preceding method claims in which the pig is made
of a metal mesh wrapped around itself.

89.  The method of any one of the preceding method claims in which the pig has a
periphery with scraping elements at the periphery of the pig, the pig being hollow within the
periphery to allow by-pass of fluid past the pig while the pig is running through the heater
tubing.

90.  The method of any one of the preceding method claims in which the pig, having
entered return tubing, is injected by fluid pressure back to the inlet.

91.  The method of the preceding claim in which fluid pressure is provided by a pump
that is outside of the circuit formed by the heater tubing and return tubing.
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92.  The method of any one of the preceding method claims in which the pig, while
running through the heater tubing, is compressed within the heater tubing with the scraping
edges biased against the tubing.

93.  The method of any one of the preceding method claims in which the pig is
radially expandable at least by a factor of two.

94.  The method of any one of the preceding method claims in which the pig is
returned automatically to the inlet.

95.  The method of any one of the preceding method claims in which the heater tubing

is in a petrochemical instaliation.

96.  The method of any one of the preceding method claims in which the contaminant

is coke.

97.  The method of any of the preceding method claims in which the heater has a
convection section and a radiant section, and the pig is run through tubing in both the

convection section and the radiant section.



