A METHOD OF SERVICING A WELL This, invention relatgk\ t%—4 hLél—g vﬂci ng of
wel | s~t hrough use of coil tubing and nore particularly tq nethods. of

I nj ng-~coil tubing into a well and for rotating the tubing for

p % I ng downhol e operations 5 therein. It has, been commobn practice for
ma ears. to run a continuous. reeled pipe (known extensively in tlfé

i ndustry as "coil tubing") into' a well to performoperations utilizing the
circulation of treating fluids uch as 10 water, oil, acid,
corrosion inhibitors, cleanout fluids,, hot oil, and the like fluids.

Coil tubing being copfiMpreisd OFISERVIGENG j®iwkE, is.run into and out of
a well with continuous™ novenent of the tublng through use of a coil tubing

i nj ector. Thi Thiks, inveht hom ckesldtes b5 thenmexyiwing edfpi peldbose

t hreaded connections consune nmuch tinme in maki ng and breaking, that is, in
assenbl i kprangh disassefibi¢aigl tulringum@ndngmorehepartigydamdy tand 20 25
-2- taking themapart. Coil tubing injectors are well known in the oil and
gas i ndusethodeoi®f t dBiIRFHing r eqidntIYPiRGd S Ac it @Cand9F fl uids

D ough 2 uel ke fOr AL U005 8L SIS0 S DLL953 0 ogbe
5 therein. ' '
It has been common practice for many years to run a
continuous reeled piée (known extensively in the industry és;
as "coil tubing”) into a well to perform operations
uatilizing -the Ecirculation-.of-%treaﬁing' fluids,:;uch-.as
10 water, oil, acid, qorrdsion_inhibitofs, cleanoﬁt fluids,
hot o0il, and the 1like 'fluids. Coil tubing being
continuous, rather thaé jointed, is run into and out of a
well with continuouslmbvement of the:tubing through use
of a coil tubing .injector. This is much quicker than
15 running jointed pipe whose threadedmcpnnecticns <consumne
much time in making and breaking, that is, in assembling £=

and aisassembling, or putting them together and

20
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obstructions are very difficult and quite occasionally im possible to
renmove because of the inability to rotate the coil tubing to drill out such
obstructions. Turbo-type drills have been used but have been foygd s
devel op insufficient torque 10 for many jobs. Thus, it is desirgp

performd=|1ling operations in wells through use of coil tubing can
be run into and renoved froma well quickly and which can be rotated to
perform various and desirable drilling operations such as the renoval 15 of

obstructions, while also perform ng the t&Bual operations which require only
the circulation of fluids. Known prior art relating to the present

i nvent i ortakthgdtbem3apatt450Coil tWidnp, irgjectors arg, §§3198Bown in the
3, 865, 408 3,191,981 3, 285, 485 3,690, 136 4,085, 796 20
3,215,201l and gag13nduetry.. . 3 754,474 4,251,176 U. S. Patent

3, 285, 485 whi ch,issued to, Danon T Sl ator on hbvenber 15, 1966 dlscloses a
devi ce for hdﬁﬁ}%nb“PhBansaﬁdeﬂﬁéth&E“°q4n%°d%VFEB’aF§ EAS&BP@tOﬁ uids

i njectin i tabl e.seal as a

| ed b .
blbwout S reTRForedt §{]’tF?|bS€r PALRPHCS Tt b T Lo ARORP S KRB Steor |
t ubi ng éru\tgéprobstr gtl?hn the gt 38(?:1'2}. 4s6u SalilgddABEEdﬁ%£ :kg%z.h

Rober t oss-and: ar sePoges "fethdds Appar at us For “Wor
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St possible to remove because of the lnablllty to rotate the coil
tubing to drill out such obst:uctiohs. Turboftype drills have
been used but have been found to develop insufficient'torque

10 for many Jjobs. | o
Thus, it is desirable to perform drilling operations in
wells through use.of coil tubing which can be run into and
removed from a well_quickly and which can be rotated to Qerform-
various and desiraﬁ]e'drilling operations such as the removal
15 of bbstructfons, while also performing the usual operations

which reguire only the circulation of flu]ds.

~ Known prior art relating to the present invention 1nclude
© 3,191,450 3,216,731 3,559,905 3,865,408
3,191,981 3,285,485 :3,690.136_ 4,085,796

20 3,215,203 3,313,346 .3,754.474 4,251,176

- U. 8. Patent 3,2B5,485 which issued to Damon T. Siator on
November 15, 1966 discloses a dgvice for handling tubing and
the like. This device. is capable of injecting reeled tubing
into a well through suitable seal means, such as a blowout

25'preventer or stripper, and is-currehtly commonly known as a

coil tubing injector.



to Danmon T. Slator et al discloses apparatus for use with a coil tubing
injector to both guide and straighten the coil tubing. The apparatus gui des
the coil. tubing between the reel and the injector w th m ninml pernanent
-’ﬂtrn and then straightens the coil tubing when pernanent defornation
>occurs’ U S Patent 3,559,905 which issued to Al exander PaIynQ@uk on
February 2,. 1971 discloses an inproved coil tubing injector having a Chain
drive nechanisnrmhich i ncludes not only the usual endless track or drive
chain with gripper pads thereon for g pping the eoil tubing, but also has
an endless roller 15 chain within the track to reduce the friction between

the t rasﬁ,lfi%d %ﬁ’x‘é}{ e%%ﬁ%”g;&%ﬂ %@ 4 - & 900 O kieRert he . coi |

t ubi ng ring 1ess’ epower t rive the tracks Thi s patent

al soqdi g6l Qfée ARBaLakis & u@wancﬁoumtwm gihNhowang out
of ac\%esﬁ% %ﬂ%ﬁout A(} r%qﬂ% It per- Zogkgrﬁent ly. coursg this has no
bear thg Ji nt invention, but the |nJector with the roller chain

mntthqnﬁgqg?ack |gﬁ§fnrlar to the injector of the present invention which
is an i my.owmantddier20®0, 186 Shibat rlsudd/ o, Febwdibér i 33ueliova

- Al exander Palynchuk 25 on August 28, 1973 discloses an inproved gripper pad-
“f orS gL DR ma@qﬁoﬂreveaftﬁanafcubsascaplpat'nmﬂm ‘Foy ceserwith-a4. U S

Patent 3,215,203 issued to Phillip S. Sizer on Novenber 2, 1965. This

patembnnIunhnnﬁe%nlﬁmt®bst¢lbeshassaﬁ&t@?&(ﬂtﬁﬁﬂﬂhﬁ%@ }b?n?@ﬂlplpe into a

wel | against wel |
tubing. The apparatus guides the coil tubing between the reel \J

and the injector with minimal'ﬁermanent deformation and then
?ﬂstxhigh@énsﬁﬁheﬁebﬁiﬂﬁuhingﬂﬁheﬁﬁpemmannﬁ&mﬁﬁﬁnﬁ@a&%@ﬂmeccu@s_
10  U. s. Patent.3,559,905 which issued to Alexander Palynchuk
on February 2, 1971 discloses an improved coil tubing injector
having a chain drive mechanism which includes not only the
ﬁsual endless track or drive chain with gripper pads thereon
for gripping the coil tubing, but aiso has an endle;s roller
15 chain within the track to reduce the friction between the track
and the pressure beam, “Fhus provigding a- gooﬁ “grip “on - the coil
tubing whlle requiring less horeepower to drive the tracks.
This patent also discloses methods and.apparatus for running
coil tubihg ieto and out of a well without deforming it per-
'iJQpcWEMemt&ygﬂﬁofxcoumSﬁQwﬁmﬁs?maswnoﬁbemrﬁng&upomﬂﬁhewmeSeﬂt
invention, but the injector with the roller.chain within the
track is siﬁilar to the injector of the present invention which
is an 1mprovement thereover.
B ¢ £-=@atent 3,754,478 which" ussueﬁ o Alexander Palynchuk
25 on August 28, 1973 discloéés'an improved gripper pad for use on.

a track or drive chain of a coil tubing injector.



pressure. A guide tube is provided to prevent buckling of the 5 pipe under
heavy colum | oads. The snubbi ng apparatus includes both stationary and
“traveling hydraulically operated slips or grippers of a type usable w.th

- the pregent invention. U S. Patent 4,085,796 which issued to Ml colr

- Counci l y\gn April 25, 1978 illustrates and describes snubbi ng apparat ,
simlar to that disclosed in U S.  Patent 3,215,203 supr a. Thi s patent, in
addition, discloses a spline arrangment for maintaining axial alignnment of
its pistons with its hydraulic cylinders=-4d. S. Patent 3,216, 731 whi ch
issued to WIlliamD. Dollison 15 on Novenber 9, 1965 illustrates and

. desci bes appaiat s, ipkt &AMz 91 S, pbur akkhiEaok oStPHIANES,s bagke r eS8 Ur €

' regul ators, and relief valves arranged to step down high well pressure by
provi di ngNaevemdeIUr2E, dregs ACIThSsecpabentr iplastiratea i8] Aeddwibespe can
be snubbed into a well having a surface pressure 20 far. greater than that

- consi der edppafra twist [fdhesnishlal ngt foppeedapipegément a2 WelS, Fpabmst 4welbl 176
- issued to Phillip S. Sizer and MalcolmN. Council on February 17, 1981 and
i1l ustrat psesscirdescif s dppavbeussf proyadedi fe Prsyenk Puckking gfi shes
equi pnent is shown to use stationary slips_or grippers of the gener

. type shéwRipg yrgermphieany ?‘QEBm‘ZOHOE’QEpraThﬁn&’WEllb‘H"bdiﬁ%a%t‘b’éeh“c}ﬂd?ﬁe

éapﬁﬁr3;F§B EHEQ%J¥S§§¥¥ angeggéggllng hy5?2393ca1 916§§¥§{E§hsifggeg to

), grippers of 'a type usable with the presvnt invention.
U. S. Patent 4,085,796 which issued to MulﬂolmlN. Council
on April 25, 1978 illustrates and describes snubbing apparatus
10 similar to that disclosed in U. S. Patent 3,215,203 supra.
This patent, in addition, discloses a splfu& arrangemaent {or
maintaining axial alignment of iﬁs pistnns with fts hydraulic
cylinders.

U. S. Patent 3,216,731 which issued to William D Dollxson

=
(#2]

on November 9, 1965 illustrates and describes apparatus 1@-
cluding a plurality of stripperg, back pressure regulators, and
relief valves arranged to'step down high well pressure by
providing a pressure drop across each stripper in series so
that pipe can be snubbed into a well having a surface pressure
20 far greater than that considered.safe with the usual stripper
arrangement.

U. S. Patent 4,251,176 issued to Phillip S. Sizer and
Malcolm N. Council on February 17, 1981 and illustrates and
describes apparatus for snubbing pipe into.a well. This

25 equipment is shown to use stationary slips or grippers of the
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5 June 29, 1965 illustrates. and describes. a fluid driven'pipe rotating
device -such as. could be used with the apparatus of the present invention.

U S Ratent 3,191,981 which issued June 29, 1965 to D.W Gsnun qu ‘U. S.
Hﬂuﬁﬂ! 3,865,408 ‘which issued 10_g_February 11, 1975 to Cart§; R

. Yound—~ llustrate and describe packoff-type over-shots of a type Wwhich

coul'd be yeadrh® @9PREEhdwl MRduREDE Pla® et 13,1248 D4 0T sBtd, Sghai Cing as
taught in the present invention. None of the prior art of "which applicants,

are awar ewhdch SéswEd Uecaabed, i’ thelggpphdataBPadfit the apgdéoent met hods
whi ch woul d make it possible to run a length of coil tubing into a well
usi ng a cobvebsbong injector and then rotate the sanme while it is in the
~well. Neither does any of the known prior art suggest adding jointed pipe
to the 20 upPe.ecRdtentt RelBdi #50uwhight dsenedntioi FsH.pWhksoat oon into
the well and to rotate the string of tubing, let alone while noving it up
and/ ob dodARRn 20ne 1845 . 1ABBBEARRES SnPnAPrasiRRS | AvAkaich GREVER s,

provi ded a, nethod of, servjcing a well conprising the steps . of: 25 .

at t achi ngPaRe ot R T dtecY&IC%ariﬂ-“Shct%%k pRilde P8 t47e9 oWdthenth®f coil
tubi ng; runni.ng, said coig tubing.to a desired depth in the well

6_Db. ! i . &
. .throughiagﬁgﬁﬁaﬁgﬁﬁ??”,Hﬁﬁﬁﬁg?ﬁ? CEBYPREX R pporting said coil tubing at
~~the surface “‘6@5. Patent 3,191,981 whigh issued June 29, 1965 to e
D.W. Osmun and U.S. Patent 3,865,408 which issued ~
- 10 February 11, 1975 to Carter R. Young illustrate and
describe packoff- typé §ye_r-_-_shgt;si..;,gf__.;.,a_ii;;g@eegm?i‘:hﬂmﬁ;&?me
uaedmomammectjm.nt*ea _ plpe to coil tubing “for well
ser?icing as taught in the present invention. |
Noné of the prior art of which applicants are aware
15 shows, 'teaéhes, or sugéeéts, apparatus__and/or methods
which would make it possible to run a length of coil
tubing into a well using a coil tubing'injector.and then
_gfgpbéﬂeﬁ¢heﬁ§ameﬁﬁhileﬁix;ﬁﬁﬁinﬁﬁheﬂue&ivﬂﬂe%ﬁher does any ;’
of-the'kﬁown prior art suggest adding jointed pipe to.the
20 'upper end of the coil tubing to extend its penetration
into the well and to rotate the string of tubing,  let
alone while moving it_qp,andﬁqrﬁdaunginﬂmheaueiim
;g; £acc0¢ﬁ§ag;to~fhé pfeseht invéntion there is provided
a method.of servicing a well comprisiﬂg the steps of:
25 | a. attaching an ope:ational tool and a check valve

to the lower end of coil.tubing;



stationary slips; 5 - ~d. severing said coil tubing at a | ocation
spaced above said stationary slips and attaching a connector to pheggnd of
the coil tubing extending fromthe well, the free end of said cﬁﬁéé?}@r?
havi ng peans for attachnment to a length of pipe; 10 e. t opi'ng a
~tubul argui || over the free end of the Rt t ubi ng and engagi ng said quill

. oo |-t ubi i ector. U1 havi eng: .
theroon: 1 connectngPURRERg: FA3R (SR BURENE GO0 cRePrERd1 495 eE 4 coi
tubi ng: . ivat i . ¢ o . . o . o
(0510 ACTia0 e T, L Wi 1 521 1
said coil tubing Pﬂipcé@ﬁpéPtfﬂges§§Hqé@%l Wbidg af@Nthe $ArFaceCQlith

t ubi ng supported = thereby longitudinally. Reference 1's, now nade to the
-acconpanyi ng d#we iwfary WEIgd ). Figure 1 is a schematical view showi ng a
wel | having 25 equipnment nounted thereon for injecting coil tubing
t herei nto;5 Fi gurd@. 2sesenihgagaddl adgyi lScbebihgcalt va edoshlibar dpadddqure
1 but to larger scale and showi ng coil tubing being run into the well:

' above said stationary slips and attaching a connector to
the end of the coil tubing extending from the well, the
free end of said'conneétor'having means for attachment to

W a length of pipe;

10 - e. telescdping a tubular quill over the free end of
the coil tubing and engaging said quill ih said coil
tubing injector;- said quill having gripping means
thereon;

f. connecting a length of pipe to said connector on

15 said coil tubing;

'g. activating said gripping means on said quill to
grip said pipe or said coil tubing;

h. releasing said statibnary slips; and

i. operating said coil tubing injector to move said

20 quill and said coil tubing suppbrted . thereby

longitudinally. |
Reference is now made to the accompanying drawings,
wherein: |
"Figure 1 is a schematical view showing a well having

25 equipment mounted thereon for injecting coil tubing -

"thereinto:



Figure 3 is aviewsimlar to Flgure 2 but- show ng the coil 5 tubing with a
connect o, its upper end; Figure 4 is a longitudinal view, partly in
section artly in el evation w th sone parts broken away, show ng a

wel ded c Ctor connecting a length of pipe to the upper end 10 Fi gure
Sis aviewsinlar to Figure 4 showi ng a connector which is applied f""j

wi thout welding; Figure 6 is a cross- sectional view taken along line 6--6
of Figure 5; Figure 7 is a viewsimlar to Figure 3 but with the chain 15
drive nechanismof the coil tubing injgection unit opened and showi ng the
upper end portion of the coil t ubi ng- st r ai ghtened up; Figure 8 is a view
sirm-lar. - t@-@zﬂa&@h@l&s hauhegthly -Gitildndroica vieedsiminarheoopen chain
drive mechani smfrom 20 bel ow, Fi gure 9 is aviewsimlar to Figure 8 but
show Ridumee quibht ehgadedgen shalehand diiosel mechail stubhidgwbeling grinpper
and a rotator nmounted on the upper end of the quill; F gure 10A and 10B,
~ taken irogettiee webhbstitute a view 25 simlar to Figure 9 but show ng a

swi vel and hose connected to the upper_end of the roil tubing or pipe
connect ed Fig¢re %pbéraehuevhéméﬂd% tohdti gug i3 pay seordngelhenceitlhe
wel | there- through, Figure 11 is schemat i caé vi ew showi ng hydraulic

mea s W W HTR rﬁm?%k’@“‘o*‘isﬁé‘%q Ten

Fzgure 4 is a longitudinal view, partly in section and

.partly_in elevation with some parts bquun away, showing a ';;
welded connector connecting a leﬁgth of pipe to the upper end
~ 0¥ cthe vooid tabing
10' _ Figuré_s is a view similar to Figure 4 showing a connector
which is applied without we}ding;
- Figure 6 is a cross-sectional view taken along line 6--6 of
Figure 5;
Figﬁre 7 is a view similar to Figure 3 but with the chain
15 drive mechanism of the coil tubing_injection unit opened and
‘§h6WTﬁ§”fhEWﬂppet*énﬁﬂpurfiwﬂﬁnﬁﬁ&meinbiﬂnﬁmbingﬂstmaig%teméd
up;
Figure B8 is a view éimilar to Figure 7 but showing the
quill being lifted into the open chain drive mechanism from
120 cbeYows
| Figure 9 is a view similar to Figure 8'but.showing.the
guill engaged in the chain drive mechanism and with a gripper
and a rotator mounted on the.upper.end of-the_quillz
fﬁfﬁghmeﬁkﬂaxamﬁﬂ&ﬂﬂ;ﬁtéhanﬁbﬂg@t&&tqﬁx@msﬁﬁxmtayav&meu

25 sgimilar to Figure 9 but showing a swivel and hose connected to



Figure 12 is a diagramof a portion of the hydraulic circuitfy for
operating the stroke limting neans of Figure 11; Figure 13 is a top*v
of a two-piece plate for positively linmting upward travel of the qutH& ;,ln

the injecting unit; 10 Figure 14 is a cross-sectional view taken alzeng
‘line 14-N\44 of Figure 11; Figures 15A and 15B, taken together, constitute a
view simlar to Figure 9 but showing the quill, rotator, and gripper in

pre-assenbled form being |owered into th coi l t ubi ng 15 inject i on unit
fron1above, the chii n drive nechani sm beffdg not 'yet opened to receive the
qui l.l; Figure 16 is a longitudinal view, partly in elevation and partly in

section Whb GpperPands o akRN @Ry, t $HPMG NErt RE peOide hiking 1tH el uSper
this invention with coil tubing engaged 20 thereln Figure 17 is a

' Cross-secéh@ngherie®f sakamadl dMGiiddandy - b:l?[@i‘c.Eﬂgliﬁﬂ.an.hd:IME thee i 6-a
"cross-sectional viewtaken along Iine 18--18 of Figure 16, but show ng the
.quill in phaocegh25 coil tubing injector with the quill assenbly engaged
therein;, and Figure 20 is a cross-sectional view taken along line 20--20 3
of Figure 19. Fhayeei pii ds of scieewpytefes ¥ evi Ewbebpwemgs HRe¥rawliiigy movns of or

~Figure 1, _a well 20 is shown belm%
: 51imiting the stroke of the quill;

Figure 12 is a diagram of a portion of the hydraulic
.&/' c1rcu1try for operatlng the stroke limiting means of Figure 11.
Flgure 13 is a top view of a two-piece plate for p051t1ve1y
limiting upward travel of the quill in the injecting unit;
10 Figure 14 is a cross-sectional view taken along line 14--14
of Figure 11;:
Figures 15A and 15B, takeﬁ togeiher, constitute a view
similar to Figure 9 but showing the quill, rotator, and gripper
.in pre-assembled form, being_lowered into the coil tubing
15 injection unit from above, the chain drive m¢chnnium being not
. yet opened to receive the quill; | |
Figure 16 is a longitudinal view, partly in eleévation and
.pdrtly in section with some parts broken away, showing the coil
tubing injector of this invention with coil tubing engaged
20 therein;
Figure 17 is a cross—sectional view taken élong line 17--17
of Figure 16; |
Figure 18 is a éross—sectional view taken along line 18—-i8
of Figure 16, but.showing the quill in place;
25 |



serviced in-a manner. and t hrough use of apparatus which will 10 now be
descri-bed. The well 20 is equipped with suitable surface equi pnent
connep1§;ns or Christmas tree 24 conprising nmaster valve 25, swab val ve 26,

W ng;ﬂgﬁges 27 and 28, and choke 29 for controlling the well in the usual
manners—"Apparatus for 15 practicing the present invention is nounted_atop
the Christmas tree 24. This apparatus permts running an operational tool

40 into the well 20 on coil tubing 50 and then rotating the coil tubing in .
the well. Provisions are nade for addi jointed pipe to the upper end of
the -coil tubing and for even |owering anad/for raising the coil tubing while

o P A8 S S0 B B R

pr evedy; i NEuesdPEn §E | 1 g8e BulhhP rovi dj 1 dow-1i ke,
open?r%lsl B@% weeh ?Itliéfieégg ggtyo?ﬁgc gé'% lt %@ts:%%kﬁ. weérn(yg%dcﬂaﬁég%' coi l
t ubi G or' changi ng operational tools such as the tool 40, a pair of
stationary slip assenblies 44 for holding the coil t ubi ng agai nst upward
or downwaigueng20 Ui Ngl cFe¥eRBBELidn6Yi hiktwditAkeniaATny 1BhdR0-Np@ gi N
pole 62, hoist 63, and hoist line 64, work platformor workbasket 65, and a
- coif diWinusa@®¢t arm 66. A reel of coil--tubing 70 is disposed a 5
conveni ent . di stance fromthe well and feeds coil tubing 50 into the coi
tubing injector 60. A quill body 75 surrounds the coil tubing 50 and is

suspended in an out-of-the-way position below the injector 60 as shown. A"
StOqusgnipn;on of the Preferred Embodiments - ' b

Referring now to Figure 1, a'weil 20 is shown being
.:~mﬁﬁsazv&beﬁViMWaﬁﬁanﬁer%amﬁﬁﬁ%ﬁpﬁghﬂuseﬂni4ﬂgpamatn5ﬁwh&thgmﬁﬂl
10 now be described.
| ‘The well 20 is equipped with suitable surface equipment
connections or Christmas tree 24 comprising master vélve 25,
swab valve 26, wing valbes'27-and 28, and choke 29 for
controllihg the well in the usual manner. Apparatus for
: -J-5=__-;.-.p:§aac.tic;,-i»z_.1g' +the .present.invention .is.mounted atop. the .Christmas
tree 24. This appafatus bermits'running an bperational toél 40 :;
into the wéll 20 on coil tubing 50 and then rotating the coii
tubing in the well. Provigions are madé for.adding jointed
pipe to the upper énd of the cbil tubing énd for even lowering
- 420, ‘«‘ﬂéﬂdfm smiﬁamgmmﬂmx uhiﬂeatmsmemwgmm, S his
épparatus, as seen in Figure 1, includes a blowout preventer
stack 34 for sealing around the coil)ﬁubing or pipe to preéent
the escape of'we11 f1uids, altripod 35'providihg window-like
,_;_ﬁ3°pen%ngsﬁbe@weenﬂ@tsﬁiaqsga%ﬁﬁorMactéggﬂﬁéﬁﬁhéﬁyaﬂerﬂeﬂﬂﬁcﬁw%he
25 coil tﬁbing for ch&nging operationai tools such as the tool 40,

a pair of stationary.slip assemblies 44 for holding the coil



supports the quill body 75 in the position showmn. A guide |0 tube 78
surrounds the coil tubing and has its |ower end attached to the stationa
slips 44 while its upper portion extends upwardly through the quill 7s
upper end. remains telescoped into the quill at all tinmes. Thus the guiXg
tube prewénts the coil tubing frombuckling as it is forced into the 15
wel |, against well pressure, if any, by the injector. The heart of the coi
tsubi ng injector 60 is the nechani smwhich forces the coil tubing 50 into
and out of the well through the bl owout preventers. This nechani smincl udes

a chain-type drive nechanisn180 for grippiAgsthe coil tubing, and 20 this
- mechani smis, power ed gomer nmeans, 82 co S|n?F§H|ta le h dra lic nmotors
h

and tranéﬁ?ng%na?ﬁbPS RH?IGPPES§U?K?EHT ytP 3% fPEid™ |éﬁ‘ﬁ?
Crot - shoyo 188 PRREELECRBCRATT fed o WAL PE, 63, "RETE, 838 %ﬁ""fy?g’%}oses

direct i omy g0l bat UbbDA. pEal SRERI MMM JELL  6800alheR, LR, WRRNAY oMo

reversed,” corl tubi rawn fromtnh plurality of legs 83

are used é‘pppeﬁttapa sbe CRI kelklbigig ddulectt&élég a0spacad sgbsleanae above
the stationary slips 44 to provide space for storing and operating the

quil | 75.cdieehoest &Bseafcei Erpal e weEl Used, fasuBgcotiler ubiinggs0 to
lift 5pipe sections for adding themto or taking themfromthe upper end of

the coil inthonghéncohd weblngs ingedadr P! uril goylof hgdy WS enratowrsid es
84 have their upper ends secured to the appratus, as shown, and their |ower
end%* the coil tubing 50 and is suspended in an out-of-the-way
| position below the injector 60 as shown. A stop plate 76
supports the quill bbdy 75 in the position shown. A guide
10_tube 78 surrounds the coil tubing and has its lower end
attached to the stationary slips 44 while its upper portion
extends upwardly through the quill 75. 1Its upper end remains
‘telescoped into the quill at all times. Thus the guide tube
prevénts the coil tubing from buckling as it is forced into the
15 well, against well pressure, if any. by the injector. |
The heart of the coil tubing injector 60 is the mechanism
- which forces the coil tubing 50 into and out of the well
fhrough the blowout preventers. This mechanism includes a
chain-type drive mechanism 80 for gripping the coil tubing, and
20 this mechanism is powered by power means 82 comprising'suitable
hydraulic motors aﬁd transmission (not shown). Pressurized
hydraulic fluid is supplied by a power pack (not shown)
conneéted to the hydraulic motors via suitahle hoses (not
shown). As the chaiﬁ—type drive mechanism 80 is driven in one

25 'diréctioh. coil tubing is forced into the well, and when this

mechanism is reversed, coil tubing is withdrawn from the well.



anchored to the ground in the usual manner t.o stabilize the 10 tall

strucy 3\, inits vertical position. Referring nowto Figures 2 and 3, it
will een that the coil tubing injector 60 is being used to inject coil
tubi ®:-B0 into the well .20 of Fi gure When the operational tool 40 .an the
| ower end of t he corl t ubi ng approach $ The depth at which 15 rotati & of
the coil e re urred t he statronar}/fslrps 44 are en aged to

support IT ’b’?’r 'E’Crb‘? eBnpss ded gtr‘? pPoR thencEPE E@BingGY

I d, th I bi 66 d h
coi IRATSSAF 129 ches t#ﬁ%ﬁgdig?%%%%d%%m St of L1Bu8 et AdReNE, e upper

Thipterite, Mt oot %‘3* -ra@%%%ﬁ%ﬁ%iﬁdﬁ?d‘“ ?’f:ll) to, o
ﬁﬁf?{% eptsfh:4 an o ratﬁggdgg: égtgrl'izet"%r r%ﬁ)lr\r/r'g((%’){ n he} Fﬁ Fﬁe col&Ie qr frlgecgtn
bes ;ﬁres@atitaq; eﬂg} a@@lne mreaa%ﬂ ctﬁﬁread {84 m@ﬁ %bﬂeg&gh%@%oas seen

i gure 4. I'n Figlre 4, the connect or wn to
havena Wdﬂ-&pp@uﬂwﬂgb@hetmlweqat rdLtedegsaat 102 to provide a
shoul der 103. Coil tubing 50 has been tel escoped into the open bore 101 and
“abut t edragaiV T Bhp W egut 031 rakt o wWhitale d tshaga beberaivegpdri n pl ace by
pressure-tight circunferential weld 104. The upper end of restricted bore
102 eirgis rdegruradd yt o leadeppastat, 106 fsdrowait atihdebtbhe b poperléddass shown.

anchored to the ground in the usual manner to stab1l1ve the \/
10 tall structure in its vertical position.
vReferaimg.: now. Lo “Figures 2..and 3B, <At.-wi11- besseen-that the
coil tubing injector 60 is bLeing used to inject coil tubing 50
into the well 20 of Figdre l.. When the ouprrational tool 40 ond
the lower end of the coil tubing approaches the depth at which
15 rotation of the céil tubing will be required, the stationary
slips 44 are engaged to support the coil tubing, the injector's
grip on the coil tubing is relcased, the coil tubing support
‘arm 66 is swung out of the way, and the coil tubing is cut.
Then, a threaded connector 100 is attached to the uppet.end of
20 that portion of coil tubing which projects from the well, as
seen in Figure 3, so that jointed or threaded pipe can be added.
“rthereto itosextend :.-i‘i:-t--s'_"ﬂae;r_;_}gfh as s regquired.
Alternatively, if it is known beforetime at which_depth an
operatioh is to be performed in a well, the coil tubing can be.
25 precut to length and a thkeadedrconnector 100a welded thereto

. as:seen. inFigure 4.



‘Precutting the coil tubing and attaching the connector as seen in Figure 4

- may possi bly save considerable time at the well 10 site and is likely to_be
preferred over cutting of the coil tubing and installing the connector o8y -
the job. If the coil tubing, on the other hand, is to be cut at the ggdb

- site, agmhen the working depth is not known before hand, the coil tublng

~may be run into the well, and when a depth is 15 reached at which the coi
tubi ng needs to be rotated, as when a sand _bridge or other obstruction is
reached, for instance, the coil tubing can{ e cut. This can be done with a
hacksaw after engaging the stationary slips 44 and bl eeding the pressure

. from the coi Ent Fiiguge A0 the ﬁhrqaﬂ§@w¢¢nh9§tgﬁpépgﬁnb§pﬁgPFB &Pe 88 % #and
cannot be bled to that of the atnosphere, a check valv guch as con-

vent i onafiownvardlyl wPerimg hayig L0 Festrbetedeas; att iB cbPl PF&BFH& Bel ow

- the place where it is to be cut. The check val ve

(1| normally be.in | | ed
- as shownshpuidgsr 4 0B -heGRddn HURING, S0 HpF RAGD Fe ﬁ§°88ﬁgaﬁﬂ Pnghﬁbiﬁﬁﬁ”
check vaPoEenddiend mhytkad iagi et cthotlage 103, REREF BTN Y, pt
G 1 abPePAEE: draded IRtk B RESCIRH i gHLP L RRRT AR U 2 )
R S gt A L S A B o i Ll i R

"erfeu cl ehlealled & ldtkaoéT ek ©dchbent UBENGipust1al as Bhowal.ched in a

Precutting the coil tubing and attaching the connector as seen
in Figure 4 may possibly save considerable time at the well
10 site and is likely to be prefefred over cutting of the coil
‘tubing and installing the connector on the job. |
I1f the.coil tubing, on the other hand, is to be cut at the.
well site, as when the working depth is not kndwn beforé hand,
the coil tubing may be run'into the well, and when a depth is
15 reached at which the coil tubing needs to be rotated, as when a

sand bridge or other obstruction is reached, for instance, the

~ " coil tubing can be cut. This can be done with a hacksaw after
engéging the stationary slips 44 and bleeding the pressure f:om_
the coil tubing.
20 -If the well has superétmosphéric pressure and cannot be

bled to that of the atmosphere, a check valve such as con-
ventional check valve 120 (Figure 1) must be used_in the coil
ﬁubiﬁg below the place where it is to be cut. The check valve
will normally be installed as shown in Figure 1 between the

‘25 lower end of the coil tubing 50 and the upper end of the



manner simlar to that shown at 125. This matching may be 10 acconpllshed
by first drilling a hole through the tubing near its cut end and then
saw o the waste material to formthe notch 125. The connector | OCb
“:‘ a housing 130, having a bore 131 flared at 132 to receive tapered
slip whi ch are biased 15 by spring nmeans such as spring washer 134 to
force.teeth 135 thereof into biting engagement with the outer surface of
the coil tubing 50. The bore 131 is internally threaded as at 136 to
receive the | ower threaded end of( mpper sub 137. Seal ring 136a seals this
threaded joint. The upper sub 137'las a bore 20 138 enlarged as at 139 at
| i-1S | operatidned: poodi@e.dolraisigedotiegiahothderthéd.craik ingv@per end
S |nternaIIy threaded as at 142 to receive the | ower threaded end of- pi pe
sectib@d ingtalYhé wppthesulbrexiandit slowseaid baydedpateaext ernal thread,
and one or nore pins 143 are welded in suitable radial 25 apertures inits
wal | so théﬁefhEPFtPnEeﬁhﬂuﬁPqﬁcﬂukxngnwotbotb8139casaaeenﬂrmd%gdbe 6. A
suitabl e seal ring_such -14- seal ring 144 is disposed in an internal
r eces%t’r'?11$hEeB'6€|yfTBOaa§“§W% Aseianeet vekn tfidisdbnand hehernsbidf :

%e g@ repar ed end of the COI| tubing is |nserted fully into the

Pl 6 A, B B R, P 1R Pclement (of ctBesEOP-wed dlse t he
t nmardl ro tin ins 143. The slips 133,

Lifﬁééifﬁ??%ééﬁ. Sgéﬁggggm S PR M o g uBanat heaeng ofad e

coil tubing must be smoothed by f111ng or applyxng emery cloth, ;)

@

or the like. The end of the tubing must alao be notched in a
. .ma.maer.,-.‘ similar.to. .that .shown .at -.._,.1.2& L mPRis. aeotching. may -be
10 accomplished by first drilling.a ﬁole through the tubing near
its cut end and then sawing out the waste material to form the
notch 125. |
The conne;tor 100b comprises a housing. 130, ﬁaving a bore
131 flared at 132 to receive tapered slips 133 which are biased
15 by sbring means such as spring washer 134 to force teeth 135
it vene ot Amm:tm:gsemgasgmmwmﬁht%xew&erswxfsace of the
coil tubing 50. The bore 131 is internally threaded as at 136
to receive the lower threaded end of upper sub 137. Seal ring
136a séals this threaded joint. The upper sub 137 has a bore.
.2@;mﬁﬁﬂﬁﬂﬁiﬁﬂﬂéﬂﬁaﬁﬁatqﬁﬁﬁiaié&$5fﬁ@uﬁfmamiﬂﬁ&ﬁ@m&ﬂﬁﬁ&ﬁ&ﬁﬂﬂﬂa&ﬂﬂy
facing shoulder 140, and its upper end. is internally threaded
as at 142 to receive the lower threaded end of pipe section
110. The upper sub extends downward beyond its external
w:&hmaaﬂ;#amdwmﬂewatamoﬂeﬁp&nsg&#ﬁﬁameﬁaémdeﬂﬁimwsmﬁkﬂﬁ&ewxﬁﬁ&al
25 apertures in its wall so that their inner ends project intd

bore 139 as seen in Figure 6. A suitable seal ring such as

Ve



seal ring 144 wll| sealingly engage the coil tubing automaticall Y,

al-so. The connect or | Ob wi'll, 10. wunderstandably, Wit hst oafTirN -

“an ~ appreciabl e amount of pressure, tensile | oad, and torque. Wth
\

connector 100, in suitable formsuch as, for instance, wel ded connector
| 00a or»pon-wel ded connector | O, securadi-on the upper end of the AN

h d | Fig J,.th h d
rechani sm 80 S 1 oLl s HRERRF 0P L8Ry {RSTTahaPPRESTI BBy 75
is then |iftedody ol 3dbsasi showo b gseéphbebetweehe thieni suldr auéd mdehaod 5 80.
Figure 8 showgyiigguigie b@fi%(?géecpeéﬂg to'%uzzﬂé f&6¢1 Iﬂﬁl B' ll%oprgﬁgéegs

was expl ai ned 20 earlier surroun the coil e quill
body 75 is |iffddyudtitio ithe Jowar and iof we C%lﬁﬁétoﬁ h%nd |W7e%*tmg BY,

t hen the 5 chaifn ndéeyeaﬁycftm §5uS8 Qi‘hé heelbRisgelor 199 ito Cbﬁgﬁgeup@i‘e' t
so that - is,firm kt%ped het ween t he two _chains 8Ia and
ot®:

‘seen in F| guréng’arﬂ GECHIRS Pifert 4t 1 M FLiPs HSIpRe 1IN ERE iR%e
qui Il body 75btilsedgh wisd ofite sthé atd il ceﬁneﬁgl antdhdt ipaafenaking at1sé ur dy

d k Tr ad
30 95 200 PENRonEtBd DUTR MR hulTSr IR 050U N8 <P bhkeL SIS f or

driving chai naﬂil@m@éllc@tld-nfe theahm at abfdei nnezorprrctian 22800b will,
10 understandably, withstand an appreciable amount . of
pressure, tensile load, and tbrque.

'~ With a connector 100, in suitable form such as, for
instance, welded connector 100a or non-welded connector
100b, secured on the upper end of the straightened coil

15 tubing as seen in Figure 7, the chain drive mechanism 80
of the injector is opened'to its widest, and the quill
body 75 is then lifted into position to be gripped in the
chain drive mechanism 80. . Figure 8 shows the quill body
75 being thus lifted. The qu111 body 75 as was explalned

20 earlier already surrounds the coil tubing 50

The quill body 75 is 1lifted until its upper end is
well above the injector 60, then the chain drlve
mechanism 80 of the injector 60 is closed upon it so that
it is firmly gripped between the two chains 8la and 8lb

25 as seen in Figure 9. A rotator 200 is then attached to
the upper end of the quill body 75 through use of a
suitable connection 210 preferably a sturdy union such
as the well known bolted Graylocx (Reglstered Trade Mark)
union

30

35



of the rotator within the housi ng 230. A gripper slip assenbly 300 is-
attac -d to the upper end of the rot at abl e portion 228 of rotator 200 by

boltr{ﬁb as shown. Hydraulic fluid hoses (not shown) are attached to the
piSt‘tapl i nder actuator 310 of the gripper 300, and fluid pressure ...
suppl¥ed t heret hrough is used to engage the gripper with the coil tuking,

after which 10 the stationary S|IpS 44 are released. It is understood that
the two stationary slips 44 and th ri pper 300 (commonly called a
traveling slip) may be identical. ﬁfﬁe hydraul ii.c hoses are then: _

di sconnected fromthe-gripper 300 and connected to notor 220 of the rotator
200 avhiaatgie - BrtilBraa0dh éhodlis 15E tHbastdnyi Teixe st heThei iotaddbr 75 by
the rotator 200. By actuating the drive mechanism 80 of the injector 60,
the @00 isulpioweresh e 4 iliydcholitoneted 2@0| bavingsa sproeketard23ine,
bei ng rotated. Cbviousl the coil tubing can be noved up or down while it
i s néorhdniying athedin 29pe0 wObateythe rpkatabdesinpesspomsiipn 1338¢rat ed
and described in U S. Patent. 3,215 203 to P. _S. $izer, supra. The r ot at or
200 ofy the Iatatsr swikhin thebausiegn2A- U Asgrerpes: siiRASERFPIN many

f %fs |t _ é not be necessary to %Fg%ge t¥§Fgr%¥g 0 mnth th§§§§topped |
herors | ' a?t#g wmger iy 3390, dﬁ%ﬁ ﬁg@?%&%""%@?&w& o ace
N RGeSy frd eangéabcﬁeapwetﬁéopagtgn/smqaew QoRQNS N1d ¥
.the gripper 300, and fluid pressure supplied therethrough is
- ased: ta‘engagm &heﬁgmappereuath Ahe scodd: tubung,zafﬁeraahzch
10 the statlonary sllps 44 are released. It is understood that
the two stationary slips 44 and the gripper 300 (commonly .
called a traveling slip) may be identical. The hydraulic'hoses
are then disconnecred freh'rhe gripper 300_ahd connected to
- motor 220 of the rotator 200. The coil tubing'can then be
rotated within the gu111 body 75 by the rotator 200. By
actuating the drive mechanlsm “‘BO ot the injector’ 60, ‘the co11 At
tubing can be lifted or lowered whlle it is, at the same time,
being rotated. Obviously, the coil tubing can be moved up or

down while it is not belng rotated.

_g?O. E&upperwanowmay:be 1wke"the ssldp-assembly dllustrated:and
described in U. §. Patent 3,215,203 to P. S. Sizer. supra. The
rotator 200 may be like or similar to.that seen in U. S. Patent
3,191,450,

*5ﬁkmﬁmaqymmaSesﬁitﬂnqyunotmbemnenessﬁﬁy?ibﬁﬂnsigeﬂﬂheﬁgiiﬂpﬁf

23 300 with the coil tubing since lowering of the coil tubing into

the well is usually stopped before the drilling or operating



and tightened. The injector is then operated to raise the 5 quill, the
gripper is engaged with the pipe 110 above connector 100, -the stationar
slips 44 are released, the rotator 200 is started up if desired, and t¥
injector is actuated to lower the tubing. It nmay be desirable to | owey
coi I' tulisng by adding additional joints of pipe until the operating .depth
is 10 reached before rotation of the tubing is begun. It is sonetines
desirable to punp treating fluids suchyas water, oil or other fluid, down
the coil tubing as. it is being rotat eda:’zmd/ or noved up or down in the well.
For this operation, a swivel such as swivel 400 is connected to the 15
upper engaii Nad! Plerd 1catnafeon 1h BUEH &d s, 0hs! bobANnake thenaralad
directlyt tt e upper end of the coil tubing if necessary, via connector
100. The ;51 V&l s 400 §BYr bendUgPephed Ma v dun stiobdt aadinaplaces.inlfthe

swi vel 400 has a fluid hose 410 connected either to its side or to its
upper endnfiepese] ng POngtiPOBEL e peedilgn iof tiee 33w el ntoThenselcdiore AP bf
the hose 410 is connected to a source of pressurized treating fluid (not
shown), faord itnisglavereda plihp sojekgor lid dhemyoper abrdedoi Ad Bt?hé"wel I

t hrough the coil tubing. The sw vel allows the pipe conn%ct ed thereto to be
rotatesl whiild & Hehevgvebpes dgspodade®yithdrbe o aPabLY OapbPy e FENRSSRE N,
t he conventional manner. Since the quill bod%/ 75 is_of lim ted2| t h,
the coil XQfbi fhS0sbabIPNPEY 180 1050 4 AFR FL IR SRS | hPECFEF36MTy éﬁ]g\ﬁ
fegt each stroke. It _can be noved dowward. until the | ower i 1J.on in
thg‘f nj ectt@rted raBchEqdesageds; Ancatine 311I¢ah he’ ® acHiE I e LIV _

the tubing. It may be desirable to lower the coil tubing by

adding additional joints.of pipe until the opefating depth is
10 reached before rotation of the tubing is begun. 
It is sometimés desirable to pump treating fluids such as
water, oil or other fluid, down the coil tubing as it is being
rotated and/orlmoved up or down in tﬁe'well. For this
operation, a swivel such as swivel 400 is connected to the
15 upper end of the pipé¢ 110 as seen in .Fi«_;urc- 10A, or it can be
connected directly to the upbur end of the coil tubing if.
necessary, via connector 100. The swivel 400 may be supported
by the hoist 63 and cable 64. The swi&el 400 has a fluid hose
410 connected either'td its side or to ite upper end, depending
‘20 upon the desigﬂ of the swivél. The .other end of the hose 410
is connected to a source of pressurized treating fiuid (not
shown), for instance, a pump soO that fluids may be forced into
the well through the coil tubing. . The swivel allows the pipe
connected thereto to be rotated.while the swivel is suspended

25  non-rotatably above the pipe in the conventional manner.



noved upward until its uppernost position in the injector is reached.

Preferabty these upper and lower linmts of the-quill are determ ned by
SUItaor- limit means such as limt valve nmeans having roller feeler nmeans
engag' gth the exterior wall of the quill in conbination with nmeans..such
as a rngctgess, 10 shoul-der, finger, cam or the like, carried on the quikl so-
t hat mhen the quill reaches its upper or lower Iimt, the limt valve neans
will respond and shut off the supply of power fluid to the i njrector drive
nmechani sm and thus arrest novenent}y®f. the quill. 15 The quill body 75

may be formed of a tube haV|ng a palr_of external opposed Ti_bs, extending
al nost i ¥Siagerthenguiday SR O TR AR he-e8tds for

att achnent tggthe rot at or 200 Qill body 75 is shomm |n Flgures 11, 18 and
20 totPRIRYr ARJ2RRt RIRes 430 AN R PAVRGRRY dhRsinirgioh fln & f%‘ﬂgl 20

tudinal rib 75a forped at such corner ich is subst sen -ciycul ar

in s %neaqhesssmfsx s&ffi Sanr & Jo% gg]fdﬁ?@‘fﬁr HH“T?D]E) éh%sl%"?’é’a?ﬁg

t @ _t.he. .radi,us of t ubi n and, t e 110,

and REASPH B Sherdendiech u8 ﬁfécg‘ﬂ%pg%“ldm BTl Bapt o
25

ey ?ﬁs’f‘ﬁ% SRETCARN BERY b o R R e se%qu-'ng >

Tl gL i (St o AP 6 S48 bR

1t Do BO¥nEndl! bPPLE1ERBNS multefn&ra%sewem N6l 1 01 @vpd th@oundi ng at )

means hav1ng_roller feeler means engaged with the exterior wall
.ﬁoﬁwzhewquiil,inucombina:iOnmnithﬁmeansmsuchugsmaﬂxeCessu
10 shoulder, finger, cam, or the like..carried on the quill so
“that when the quill reaches its upper or lower limit, the limit
vaive means will respond and shut_éff the supply of power fluid
té the injector drive mechanism and thus arrest ﬁovement of thé
gquill. | |
15  The quill bo&y 75 may be formed of a tube having a pair of
!"tX%ernalMoppaséﬁﬁrﬁbgwemﬁeﬁﬁ%mg*a%nnmtﬁﬁtsﬁ¥u¥iﬂ%en§thﬂanﬁﬁWith -
means on at least one bf its ends for attachment to the rotator
200. Quill body 75 is shown in Figures 11, 18 and 20 to be
formed with a substantially square cross-section with a longi-
i:29aﬁﬁﬁ&h&iﬁﬁﬁbﬁmﬁa@iemmeamatﬁéadhﬁconnetwﬁhiﬁh&&swsﬁbstﬁntﬁalty
| sgmi—circdlar in section. The convex semi-circular surface of
the ribs has a radius substantially equal to the radius of the
coil'ﬁubing 50 and tﬁe pipe 110, and.the chéin drive mechanism
'*%ﬂsﬁﬁhﬁaﬁgt&gperﬁb&ddksﬁSXCﬂﬁhithﬂatﬁﬁﬁﬁapkeaﬁxbﬁg!ipﬁthese

25 rounded surfaces of either the pipe or the coil tubiné.or the



~ends of the strokes. One of the preferred ways of limting such novenent
utilizes limt valves as Shown schematically in Figures 11-12 and now
be explained. The quill body 75 is provided with at |east one pair (U
opposed | ongitudinal seni-circular ribs 75a which termnate short of tHer
upper ekd of Lhe body, and the upper end of each of these ribs is inclifned
i nwardly and upwardly to forma cam surface 75b and form ng the | ower end
of a recess 75c. At |least one of the ribs 75a is provided with a recess
75d, and 15 this recess provides a ca rface as at 75e. Recess 75d

obvi ously is spaced bel ow recess 750.'%& r of cam actuated, spring '
ret ur ned,auiNol goedy i onThewehwdy Idntive vatcles #1650 8Qdg460sappprmsinteedseoni  he
coil tubing injector 60 so that their camfollowers or rollers 452 and 462
20 are enigegrbit erbystae thm QwifldcReddsy amnd5es rkipetei POME theus when
the quill body 75 noves down sufficiently far, the camfollower 452 wll
‘nove out Fhtbl RRAE sURRRTAnaTt ROWNWARA At \Ees50edk || be shifted by its

spring 454 fromifts fluid passin osj ti.on (sho to,its.flui | ocki n

_pi(;si E {on (n?thllfs‘ﬁ%hﬂ?.g Bwrfsln _ ptﬂi HE sk %@Xstgz?ﬂég§§g§°§oP’Iﬂ8i d
it shuts Qqf. ower | e power, neans. . refore
t he chéi nsqjdlrtaa\?élp%e%%%{’nsgm Obgrgg‘r%t g%é)lcfo]vrm%i’/va dt“r)m?/\é‘r%r%%t P%ngiﬁggqﬁi ﬁ:hoeody

T gone e G ke RRYSTRNES UHOM fng o0k 0p SE ah nge
5 :ESSiﬂéﬂbﬂfﬂKWKﬁent utilizes limit valves as shown schematically in
FPigures 11~12 and will now be explained.
The quill body 75 is provided with at lecast 6ne pair of
| lb'opposed'longitudinal semi-circular ribs 7% which terminate
short of the upper end of Lhe body, and the upper end of cach
of these ribs is inclined inwardly and upwardly to form a.cam
surface 75b and forming the lower end.of a recess 75c. At
least one of the ribs 75a ig provided with a recess 754, and
15 this recess provides a can sprface as af 75e. Recesg 754
Obviously is spaced below recess 75c.

A pair of cam actuated, spring returned, two-position,
iwo-way limit valves 450 and 460 are mounted on the coil tubing
injecto; 60 so that their cam followers or rollers 452 and 462

20 are engageablg by fhe cam surféces 75b and 75e, respectively.
Thus when the quill body 75 moygs_down suffjcientlf far, the
cam follower 452 will move out into recess 75c and the limit
valve 450 ﬁill be shifted by its spring 454 from its fluid
passing position (shown) fo'its f)uid blocking poéition (ﬁot

25 'shown). When valve 450 Lhus blocks the passage of fluid, it

shuts off supply of power fiuid to the power means 82 and



Thus downward novenent of the quill is arrested by shutting off the
hydratlj<c drive means 82 of the injector before the quills bunps bottom
ds needl ess and, perhaps, damagi ng i npacts. 10 In a simlar
g%/ when the quill body 75 noves up sufficiently far, camroller..462
engage recess 75d, and linmit valve 460 will he shifted by its spei ng
464 fromits fluid passing position (shown) to its fluid blocking position
(not shown). When valve 460 thus hbocks the passage of fluid, 15 it shuts
of f supply of power quid to the thain drive nmechani sm 8D as before
_explalned;and stops g
“rrov e SR T#Pec PR RERRET TP Zhgage and depress camrol | er 462
i oidvedlld Lo¥UNE 4303 Bapisal 755 g PRSSGA01 RO OO 2

0 Wi 50 and

- Referrlng now 'l be seen how'the 1 m{T valves

460 SONLIOl e LLAVGREEASUT aed Ml AR Lg0URE AbEEskothee caver nens 82

of th I nj ‘ector Figure 12, hydraulic notor 0O which is a-part of
the RVENeEHHS §3dV\m§ﬁ] BRYERS vtaha;ecrwam saéxet seghanpasihg s 25
~supplied power fluid through power fluid branches 472 and 476 whi ch are
,cogngﬁygﬁhiﬁﬁwggﬁoaﬁyor 470 and control nmeans (not shown) which in turn is
connected to a power fluid source (not shown) such as a suitable hydraulic
punp. Thelsast downgant abeem)nits afsathd oquwli I ci sponeestiedi dyt mioutgh nde

- circuit 472, 5 476'in a selected direction to cause the quill to nove up or
~down,o 88 thﬁlhpdraullc drive means 82 of the injector before the _ \J

quill bumps bottom. This avoids needless «nd, perhaps,
_ damaging impacts.

1O “1n a siﬁilar manner,'umeﬁ”fhé'quiﬁi“bdﬁy‘?S“moves*np
sufficiently far, cam roller 462 will engayce recess 754, and
limit valve 460 will be shifted by its spring 464 from its
fluid pa551ng position (shown) to its.fluid blocking position
{not shown). When valve 460 thus blocks the passage of fluigd,

15 it shuts off supply of power fluid to the chain drive mechanism

: '"E’:;&D";"-.:-.as’ri-_aaé-'f:o‘r-:e; explained and-stops Wpward camuvenent of wthe ..quill
body. When the quill body moves down again, cam surface 75e o’/
will engage and depress cam roller 462 and will shift valve 460
back to its fluid passing posipion (shoﬁn).

.20 . Referring now to Figure 12, it will be Qecn how ﬁhe limit

| valves 450 and 460 control the flow prosshrzzcd'hydraujic poWef
fluid to thé'pouer_means 82 of the injector 60;

In Pigure 12, hydraulic motor 470 which is a part of the
power..means B2 . which. powers. the chain a;ive'mechanism 80 is

25 supplied power fluid through power fluid branéhes'472 and 476

govenent of thesguill. b bggé SR the qui Il body



Both limt valves 450 and 460 are shown in fluid passing position as they
under st andably woul & be When the quill is in an internedi ate positi ofg, &
shown in Figure 11. 10 ° Downwar d novenent of the quill occurs whqg
fluid is directed through the circuit 476, 472 in a counter-clockw s&=7,
directidgh as seen in Figure 12. Power fluid will pass through conduit 472
and through limt valve 450 to power the notor 470. Spent power fluid is .
exhausted from notor 470 through 15 conduit 476 and limt valve 460 as wel |
as through bypass conduit 477 and chedd@val ve 478 back to tank (not shown).
When, however, camfollower 452 of limt valve 450 enters recess 75c of the
QUI|| limt valve 450 shifts fromits passing to_its bl ockin ition and
pover f|HhdcBaAXSt coRNEH®S RYHpeD i BP0 Vafza an@ eenkEpPdr mERPs mEPFher

can power_fl ui,d t.hrqQugh bypa conduit 473 beca check val ve ,474
will nots SHPrB RIS 31 raﬂ%cqsqsrahecm%% oFO 4F(PPYEE hELELf o POBTCE, FOE

T e TN RS Cg- e el
[ h

o BT B @@%&%ﬁgﬁg ' PaEPAE RS et

fluid shgaepgassssgaewﬂﬂa<a¥¥&e§hﬁH6% &N¢a £E1£ 4814600t AoBt @p $£0.

Exhaust fluid flows from notor roug con ui t 472, but since linit
val ve 458@ois, akst Ries jled® cl osed, exhaust fluid

St

- Both limit valves 450 and 460 are shown iﬁ floid passing
position as they underetandably would be when the quill is in
an intermediate position, as shownlin Figure 11.

10 Downward movement of the quill occurs when power fluid is
directed through the circuit 476, 472 in a counter—clockw1se
direction as seen in Figure 12. Power fluid will pass through
condoit-472.and through limit valve 450 to power the motor
470. Spent power fluid is exhausteé,from motor 470 through

15 condoit 476 and limit valve 460 as well as through bypass

LJ’ conduit 477 and check valve 478 back ro tank (not shown).

When, however, cam follower 452 of limir valve 450 enters
recess 75¢ of the qﬁili. limit valve 450 shifts from.its
passing to its blocking position and power fluid cannot pass

120 through limit valve 450 to motor 470. Ne1ther can power fluid

pass through bypase conduit 473 because check valve 474 wi;l

not allow flow in that'direction. Motor 470 is thus starved,
and downward movement of the qu111 is qulckly arrested, but
without poundlng.

25 Limit valve 460 remains open as shown.



cannot pass through it. It can, however, bypass valve 450 by flow ng
t hrough bypass conduit 473 and through check val ve 474. * Thus, notor 470

Thus, pOWelo fdatisle i 5t di bepbed hgm%h Wl tf Al Pa ﬂZdeeatea through

counter-clockmnse direction as

‘can he~gperated in this reverse direction 10 to drive the qU|II upward. As
t he ng; moves upward, cam surface 75b thereon will shift limt valve 450

_back Mo/ fluid passing position (shown). Wen quill 75 approaches the™init
of its upward travel, camfollower 462 of limt valve 460 enters recess 75d
of the 15 quill, and this causes Ljmt val ve 460 to shift to its fluid

bl ocki ng position to shut off suppky .of power fluid to motor 470. This
stops upward novenent of the quill since power fluid can neither pass

- through Vahy gaddD -BRE &mﬁgghohmasm@&% VAl YEr-4d Basi onYDXgRNt Of

‘the quill is then reverSed by reversing the direction o he power fl uid.

efore. Power fluid passes through conduit

472 and ddiei nogrepes7i Mht avahRkdAld @imtari 470. FExhadstitliai dnedm ot or
.25 470 passes through conduit 476 and bypasses closed |imt valve 460 by

passi masduoudhrdyghissoodndti ¥ 7474 n@nd itshirtoughl ededkd tovabverdag0. As soon
as quill 75 has nmoved down a little, camsurface.75e of the quill will :
engﬁg@wfoﬁwlaﬂwf@%liwm 415@ Afrowdh candaivahva. 4Butt 0. shift

to Its open-or fluid’ paSS|ng posi tion. . Thus, .the circuitry of Figure

12 caﬁ%ﬂ?ﬁn&&F%% ¥3hveof PhéSuﬁ%aF@%%ufkﬂﬁwﬁ%ﬁifﬁraﬁéhaHFttﬁé“dﬂlII and..

to l'”‘t S% pass through it. It can, however,_bypass valve 450 by

flow1ng through bypass conduit 473 and through check valve

474._ Ihus,=mohorm430Acam‘he=mpe:ated Admcithis creverse: darentzon

10 to dr1ve the qu111 upward.

As the qu111 moves upward,héém surface 75b thereon will
shift limit valve 450 back to fluid passing position'(shown).

When quiil 75 approaches the iimit of its upward travel,

cam foilower 462 of limit valve 460 enters recess 754 of the
15 quill, and this causes limit valve 460 to shift to its.fluid

- hlecking Pposition “to-shut -off supply of power fluid to motor

470. This stops upward movement of the quill since power fluid

"can neither pass through valve 460 nor through bypass check

valve 478.

;3@ mmmeeux of. Ahe:: qm&ﬂlvas theﬂ reverseﬂ “by Jewersang the

direction of the power f1u16. Thus, power fluid is directed
through circuit 472, 476 in a counter-clockwise direction as
before. -Power fluid pPasses thrnugh conduit 472 and the now

- vopen 1mmat valve 450 to. mntor‘470.;4£xhaus¢=iduiﬁ5ffnm«motcr

25 470 passes through CODdUlt 476 and bypasses closed limit valve

460 by passing through bypass conduit 477 and through check

N

b



travel in each such direction. Positive limt means is also provided {g
limt [ongitudinal mpvenent of the quill by the chain drive nechani~::§ﬁ
the coil 10 tubing injector. It is readily seen that the union 210 A Alﬁ

“rotator 200 cannot enter the upper end of the injector. Thus there iS mo
chance #lrat the quill could nove down too far in the injector or be dropped
through it. 15 Further, the lower end of the quill body 75 extends

through the stroke |limt plate 76. This -plate 76 is seen in Figure 13. It
is formed in two halves, "76a and 76b. 2Z%hese two hal ves together form a
circular plate having a square opening 76c through its center arid a

pl urality,of bokghol g8 Ee@rCidc i 2D 76ehent hakvky Saced tiherepdputamear

its rim The two halves of the plate are placed about the quill body so

that the smtfacboUBei Bfprbeeiduildr ivil Bdehdagei bant Fen lielre 462 et Biwit

bolted to the injector below the chain drive nmechani sm 80 thereof as seen

in Figuregalvand69. a8 will Hamsguivdlwedy60stboshed twitich idrs expen mar
flange 77 at least on its |lower end, and preferably a |ike or simlar
flange flpRd pFsspngi peosdpdgem-end as well. It is also preferable to form
such flange or flanges tqQ the shape of a Gaylock (Registered Trade Mark
hub. TH's i s ERpeci gh?—thlmeu&frx if u‘ﬁ)b%‘l‘rﬁngzof“a?h?eqlh’islqd BRI tERl | the

mist be alLached 2y abonbiTd EETbE ADGLA T Rha?2 THHR Wt 11

W) travel in each SQCh direction. | |
| Positive limit means is.also provided to limit longitudinal
movement of the quill by the chain drive mechanism of the coil

10 tubing injeétor.

It is readily seen that the union 210 or the_rotatof 200
cannot enter the upper end of the injector. Thus there is no
chance that the quill could move down guu far in the.injuctor
or be dropped ﬁhrough it.

15 ‘'Further, the lower end of the gquill body 75 extends through
the stroke limit plate 76. This plate 76 is seen in-Figure
13. It is formed in two halves, 76a and 76b. These two halves
together form a circular plate having a square opening 76c¢c
through itszqenter and a pluréiity 6: bolt holes 764 circum-

20 ferentially spaced tﬁereabout:neafjits rim. The two.halves of:
the plate afe placed about.the guill body so that the quill
body is pfoperly oriented therein, then the halves are.bolted
to the injector below the chain drive mechanism 80 thereof as
seen in Figures l'and 9. |

25 The gquill body is formed with an external flange 77 at

least on its lower end, and preferably a like or similar flange
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“chain drive ;ct§%%§%$éi}end*5|néQEE%Eegﬁg%%xge %g?%égﬁﬂﬁ

linited, Xbe upperapnde qff dthe abtilk dddy nsince situmbs isbeppbsedhédat

t he _C?aylock cl anp 'mhfch. Is the outer part ~of the Gayl ock union

- 210. g, the quill body could be nmade symetrical with both ends .
i dent{gfl) O course, if this is done, a second recess |like recess 75d nust
" be proigkded 10 so that - limit valve 460 -will be effective to.
limt domnmard travel of the quill ifyzand when the quill body is invewt ed.

The hub or, fl ange. 77 bein Iar er than_.the square_openi 76¢ of the stroke
limt platd 7€Fahhdt “‘88?8 tﬂ%ré’fer]rrl()ugtljf *I“’huglsf’hé”tfgqqqaq}cﬁjytEan be
lifted onlfprintsucH | &hgegd7 cengligasyddietot rdlec $hapé plfate GHaybooke the -

qui I | .bod; and 81b of the
cdFI PR i s

surfage 7ty Cﬁh&ppaﬁél- eenladese Ofnd heothange 2o h% gaad W4l 7fjpas vell)
so t hat thﬁgq“'ll be inserted,into the chain drive nechani sm as

desi red, fF5F¥18ﬁ¥th8¥EBBerWhﬁ5h77isaréhﬁnd?ﬁﬁ?éd B3rtheCfef BR@nce 25
numeral 7Gaaylte& suidide RLOLt THW £. ¥heWglli 1N0tb@dY Vcbulit vevaadet r avel

section oPvepbtnbeal-stp S pads RGP FHPALY Bl gRRe e IS €

“}g Gone;-a" secbna'recess-1ikedrecess “F5a- mnst-heﬁproV1dea
10 - so that 1limit valve 460 will be effective to 1limit
downward travel of the quill if and when the quill body
is inverted. _ ' o
The hub or flange 77 being larger than the square
_ . opening 76c .of. the .stroke..limit. .plate .76 .cannot .pass .
| -15"-*ﬂﬂmefethrbﬂgh;““Fhus, ~“the quill “body -can De “tifted 'only
until flange 77 engages the stroke limit plate 76.
Since the quill body must pass between the oppdsed
drive chains 8la and alb of the chain drive mechanism 80
and since the dlstance between these chalns is limited,
20 it may be preferable to form flats such as opposed flat
surface 77a on opposi_te sides ef the flange or hub 77
(and hub 77' as well) so that the quill body may be
-’.ﬁmgerﬁédwﬁnﬁo*ﬁhe;cha&ﬂ“ﬁriﬂe?mmChanﬁsmmaSﬂﬂesﬁmEd-ﬁthe
flats on the upper hub 77' are indicated by the reference <
25 numeral 77a’. _ ' '
The. stroke limit plate,76 will not only limit upward
travel of the quill body 75, but since its square hole
76c receives the square section of the quill body with a
w-s8iding -fit, the
30 |

35



plate 76 will prevent rotation of the quill body relative to the injector
and the well. The plate 76 may be provided with a round opening there

through for receiving the quill body, in which-case the plate 5 woul y‘fm
prevent relative rotation of the quill body. In such case, other nean st
be provihded to prevent such relative rotation. Such anti-rotation nea

may be provided in.the formof a split plate simlar to the plate 76 but -
bolted to the housing 82a of the power_neans 82 at the upper end of the 10
-injector as wll be explained later i rQ:ébnnecti on with Figures 15-20.
Because thel coi | -tubjiclgig 50 does not have great colum strength, it is
easi |y bellalficte Ftht RrEYeRH EatAtaenRdn tite Bhal h YRIY el trbehaNEshP80
of the injgctar 50 ta‘%)xﬁl i eqs 15 f wnward axial force thereto to push the
“coi | tubing O The B oWdtit Wptdventer 34 and into the well 20. If the

coil tubing i ot _Jprovided adequate suppqrt,. it wll buckle and bend
rat her than m?#n }?tr%ug PHe ?o%ﬂf”Bngéﬁté} 2 AR R ERAskPEEPIUr e

of the tuhing {39’£é¥%4§¥é§|gP%?QPEQHOQ%Q§E“§§ﬁ§ﬁ¥cJ!éhséh?hghngiethe

wel | pressure, e greater Suppor to avol d suc

buckl i ng @butide et IpAddi Y. r J10 61 Lot 8HahtIWPPYL (GAD @ﬁigg@%%. pr pyi 9693

by a guide tube sinmlar to that taught in U= Ss. Patent™ 3, 6 menti one
earlier. 2ase, otHdr ihany anest HEVEPbVEAed it Prdedtubsndmyrdeatike or

simlar to that showmn in Figures 2, '3, 7, 8, 9, 0B and 15B
U ~rotation. Such anti-rotation means may be provided in the fo;m
' - of a split plate éimilar to the plate 76 but bolted to the
housing 82a of the power'means 82 at the upper end of the
10 injector as will be explained later in connection with Figures
15-20.

Because the coil tubing 50 does not have great column
'.strength, it is easily bent.unaer a column load such as when
the chain drive mechanism 80 of the injector 60 applies a
15 downward axial funre'thufet.o to push thé corl tubing t'hruugh_
_the blowout preventer 34 and into the well 20. 1f the coil
S ..tubing is not provided adequate support, it will buckle and

bend rather than moving through the blowout preventer. This
"could cause failure of the tubing and may result in a .

20 “"plowout". Naturally, the higher the.well pressure, the
greater the lateral support needed'to avoid such buckling of
the coil tubing. This lateral support can be readily provided
by a guide tube similar to that taught in U. S. Patent
3,690,136 mentioned earlier.

25 1n the present invention, the guide tube may be like or

similar to that shown in Figures 2, 3, 7, 8, 9, 10B and 15B



where it is indicated generally by the reference nuneral 78. The upper end
. of the_guide tube 78 is telescoped into bore 75 of the quill body 75 as

shown Figure 2. Its lower end extends fromthe quill and is preferably
secur ¢i/n such position that when the quill is at the upper limt of-its
stroke; -Several inches of the guide tube will still be tel escoped intw the
~quill. ~The guide tube 78 is, therefore, preferably provided with a flange

78, or the liké, onits lower end so~"that it may be fastened to a suitable -
structure such as 10 a platforn1(ﬁquEshomn) provi ded beneath the injector.
50 or, preferably, to the stationary slips 44. The coil tubing 50 passes
-thnoﬂghmhbemﬂﬂikhiiaaan&ﬁﬂgggyuxhﬂ&ybhy?ﬁmbake&amynba?nun&wa&ﬁaﬂhus,
close lateral restraint is provided to limt |ateral novenment of the coi

15 t UBheguppepr epdnpEbidlel igwi demdk weadV Agishsedefscopmd vigre dbdxg | 78 éngt h
stroke is taken Thus far, this invention, has been expl ained with respect to
Fi gure$ §h§4quhiéhb§ﬁdwlé1%ﬁnﬁh%&%slﬂoFlﬁaﬁér|ng éqﬁyﬁﬁﬁFEﬁeﬁﬁnl t ubi ng

t || and th t at.i I bi f : d
'()Be?a%"ﬁ“)%g ohARBI &7 %%eal&ap%rﬁ"ﬁgs% &b pni e ot iF ) eZHﬁg the
- | Lubing L moving Lt di I I,
"""ICSTi?e l‘%? -aﬁgﬁggw"ﬂgﬁi Oqu’tau‘]b# ﬁ""gsl 2’%% %lggl & red%{r‘}é}ﬁ{%%E |lynt 0 the wel |
by adgw&ﬁg agzﬁmeﬂn%@ts L% PakNe HRPEY; H“dsé,;ﬁf qof to extend its

us I ncrease S rea ese operations are

nade ng§§p£5e9y1H§S leaduyll.asﬁﬁgbéﬁlﬁg'ﬁnbe 78 is, therefore, W

preferably provided with a flange 78, or the like, on its lower

wend 80 ~that -dt aay. .be:. fastened .to-a as,u,i,na.bl-.e -structure . .such.as

10 a platform (not shown) provided beneath the injector 50 or,
o preferabiy, to the Stationary siips 44.

- The coil tubing 50 passes through the quill 75 and the

guide tube 78 teléscoped thereinto. Thus, close laterél

restraint is provided to limit lateral movement of the coil
15 tubing'to prevent buck]ing and bending therenf even when a

'hf%@%&-ﬁengthﬂstmbkeziSmtakem,

Thus - far, fhis_invention has ‘been explained with respect to
Figurés 1-14 which show an appafétus for lowerihg a length of
coil tubing into a well and then rotating the coil tubing to

,32@;fp@ti@mﬂﬁﬁes&féaﬁcpéma&&cmsaamwhhﬁ$e;fﬂ@heﬁ&ppm&tusﬂéhownwis.
capable of both rotating the coil tubing and moving it lohgi-
tudinally either condurrently or independently. Also, the coil
tubing can be lowered further into the well by adding one or

- more. joints oipmp&. A0 Ahe wpper-end thereo] Lo extend Ats
25 length'aﬁd thus increase its reach into the well. These

opefatidns are made possible by use of a guill assembly which



surrounds the pipe or coil tubing and is eiigageable by the injector. The

quill carries gripping neans for gripping the pipe or coil tubing, and the
gripping neans is rotatably nmounted on the quill so that the coil tubing or
pi pe can be 5 rotated through the quill while the quill is in the fi rip
of .the {pjector. Power ineans is provided for rotating the grippin ns.

In the apparatus of Figures 1-14 the quill body 75 is stored out of e

way but kept at the ready by suspendigggbt 10 bel ow the injector 60 with
the coil tubing passing through its bdf™75' . Wien it is needed, the
injector drive chains are noved apart and the quill body is lifted to a

| evel there- betyween to _be engaged,thereb 4 bef or, Lahe r
Chis, th@TRaENS a{}’aetlﬁ]epfjr ?%p?ﬁgl lngé’%’s‘ ng, g féc{aﬁaqé? o%]?hg”’l@f’ﬁi N

body. o 4 1E an c: . . .
ody Ir‘1¢iﬁ§f§r}5ATﬁ@|ﬁ%?§é @aqqqekéigﬂgﬁ%fﬂ Tmégﬁs'@X?Dg%??ph%gshﬁﬂﬁ In

i
whi ch t he 1S not Into't i ve nechani fom bel ow but

Lasoe Trplpd aE oL LA AR Gna TH% | 63 hg apela Al ik FBeRRAbIp i n both

cases mm e i I cal erefore, tthe’I'njector Is again indicated

general | yydyh £ i8¢ &5 eﬁengeiw”%a'th%f{- tnd et | { uB$SEMBEY p§ PPt M t he
.quill body 75, the rotator 200 -and the gripper 300 is”indicated generally

by thesnygvaled SthP88ghStReet@nall wHiart asseqbi el asdist ehed fdutsigde g he
i njector 60.. Then, when ready, the 25 drive chains 8l a and 81b are noved
apart, thef ghélinssenbty 7Bbwhirf redhrabave pheviagactor, rangttingn tinte i s
| ower.ed bet ween _ : _
e gripping means.
In the apparatus of Figures 1-14, the quill body 75 is
.étored out of the way but kept ét the ready by suspending it
10 'belok.the injector 60 with the_ébil tubing passing through its
bére 75'. When it is néeded._the injector drive chains are
moved apart and ﬁhe gquill body is lifted to a ievel there-
beﬁweeh to be engaged thereby, as bcfofe explained. After
this, the rotator and the gripping meanc are attached atop the
15 quill body-
in Pigures 15A and 15B, a modified form of the invention is
shown in which the quill is not lifted into the chain drive
ﬁechanism from below but is lowered thereinto from above. The
injector and quill mechanism in both cases may be identical.
20 - Therefore, the injector is agéin indicated generally by the
refefencé numeral 60. The quill'aséembly comprising tbe quill
‘body 75, the rbta;or'ZOO and the gripper 300 is indicated
generally by the numeral 75" and is_preferdbly kept assembled

- and stored outside the injecLor 60. Then, when ready, the

-.25 drive chains Bla and 81b are moved apart, the gquill assembly

75" lifted above the injector, and then it is lowered between



the drive chains. As shown in Figure 18, the lower end of the quill is
~inserted into the injector, and anti-rotation nmeans such as the .

- antifrotation plate 90 is assenbl ed thereabout and secured to the notor
cove :Q;.on upper end of the injector, the plate 90 being forned in_two
hal vég-81'and 92 as shown. The anti-rotation plate 90 is simlar to sgfoke
limting plate 76 in that it is fornmed with a square openi ng therethrough

and is split into halves as shown. _ _The square opening 93 receives the
square quill body 75. Since the;ﬂBFbte'QO is secured to the 10 housing
82a, it will not permt the quill to rotate in the injector as the rotator
200 -ateyiriyer - FeGTg- [Rmushownitidn (Fégpree YBLOhd: M ek 1éndof iehet r oke
limt plate 76 is renmoved bel ow the injector and reassenbl ed about the '
qui | | a8iddr ighé nseidree kPR the JRIertPE. ndRdd addwimnERtR HiRR PeaNp| ate' s
15 nornmal position after which the plate 76 is re-installed to positively
li mi tsﬁgﬁaﬁ'& &%\Fer?é}ﬁl‘ﬁqfiﬂ@% RhatguPP 1Fnatsr$@lqhije@btﬁre.rq%°'q€iwdand

i nj ector. dy, t t bef lained., 20, . It will b
ot o BRAE =B 4 AMEC B o T | E280p B BBPEaERASTE P P SRS hi ng i n
S PR RS e, TR o e B T AR AT R T e

nust PRePhAYiided AASBALS SNACE0 bEEVWEER; 1He £l @GLiYke %ﬂ%weﬂﬁéte
stationary slips 44 in which the quill body 75 can hang out of the way

o unti | 76egdedhathd tr Glsaatfyr sl W tPPLT s§38PBt 0P ning therethrough and

-

o
is split into halves as shown. The ‘square opening 93 receives
the sguare guill body 75. Since the plate 90 is secured . to the
10 housing B82a, it will no; perﬁit_tﬂe quill ﬁo fotate in th¢
inquto;_as ﬁhe rotator_zoo_and grippér.300'grip and rotate'tﬁe
pipe 110. In addition, the stroke limit plate 76 is rgmoVéd
" below the injector and reassembled about the quill after the
 lower.énd of the qﬁill is moved downward past the plate's
15 normal pbsition after which the plate 76 is re-installed to
-“Jﬁ@@siimwe&y*ﬂﬁnitﬁupuamdwmmwmnemim£¢mo%eﬂ@iﬂmheﬁquiiJwimmﬁhe % |
injector. |
The guill and injector are ihen ready to oéerate as_before'
explained. |
| 20. o odid owidd sbe.moted that -::sthg_i;.:&@jemt@r..@md,_.-:xg-:u;i:d,-.;al-.::;:@p-e;x:@a&aen:;-t-o _ _ : 1
accomplish the_same thing'ih.ihe same mannér whether the quill |
is inserted_intd the injector from above or from below. If the
quill is lifted into the injector from below, there must be
-Lf;ﬁpﬂbﬁiﬂeﬂﬁaﬂﬂé@ﬂ%ﬂﬁ%@uﬁﬂﬁhﬁtﬂﬂfﬂ*mhwaﬁmjwﬁﬁﬂrﬁﬁﬁ@ﬁmﬁﬁ#hﬁ
25 stationafy slips 44 in which fhé quill body 75 can hang out of

the way until needed. The rotator and gripper cannot_be' -



attached to the quill until the quill is lifted and its upper end projects
wel | above the injector. : On the other hand, if the quill is to be | owered
into the injector from above when needed, the quill body 75, rotator 0,
and gripper 300 can be 5 preassenbl ed and set aside until needed, tgggﬁ
instal lgd as a unit. This could save tinme, and |ess space beneath t §

injector will be needed. Preferences, safety, savings in tinme and m)ney','
and conveni ence will dictate whether t gen_sert the quill into the injector
from above or from bel ow. 10 The 121 ctor 60 is shown in part in

Fi gures 16-20. The injector 60 is shown in Figures 16 and 17 with coi

t ubi ng | mtitiavh@d ko dmwg eqidIl G@nthll tbesquhdlchai Aiditiede amgcHds NPT -
whi ch includes a pair of endless drive chains 8la and 81b _spaced apax% and
arranged easl ghryectEhevekl rabdverthe thigators gPR &h¢ othes Hapirant
‘toward and away from each other. They are driven by power nmeans 82 having a
housi ng &e avild pis rtofber Lowerpd otrtestBehinigcsor Mo ahapg shen
drive chains and are supported by the housin r cover 82a. T rive _
sprocket feadedyr ths Wlfrbtb?@Y(%ét §ﬁ6ﬁ/ﬁ?r\/\ﬂpgh and ﬁ&d?é’(f{ltbg)eéj I 20
cover 82a. The drive_chains 8la and 81b.al so pass ound i dl er, sprockets
72a and PASARASAPLES %‘b%c%ﬂtv@ﬂdﬁe?ﬁﬁ/lih&?&g%é &Rlé}sg:aglsles oEWlqu;Each
of the drive chgjns 8la and 81lb [s proyided w.th qr] ksh81c which
are adapt®t%o c %r?ﬁ?ggaﬁﬁvfrl &Pgbnéf‘ﬁyig\#gsargégggﬁgﬁgq%ﬁe coi | tubing
50, pipe 25‘%\#) z.l--gv;if]i'.' be ROG¥ed® prefelBhbted, RaFLY.C fRANYS 3h Aifhd 3D

ar esdount’ety
' " and money, and convenience will dictate whether to insert the
quill into thé.injector from above or from below.
10 Thélinjector 60 is shown in part in Figures 16-20. The
injector 60 is shown in Figures 16 and 17 with coil tubing in
its grip. Injector 60 includes the chain drive mechanism 80
which includes a péir of endless drive chains 8la and 8lb
spacea apart and arranged as shbwn. The pair of drive chains
15 8la and 8lb are movable toward and away from each other. They
are driven by power means 82 having a housing 82a and a pair of
drive sprockets 82b and 82c which engage the drive chains and
are supported by the housing'o: cbver 82a.. The drive sprockets
are driven by motors (not showh)lwhich are housed under the
20 cover 82a. The drive chains 8la and”Sib also pass around idler
sprockets 72a and 72b which are spaced well below the drive
sprockets as shown. Each of the drive chains 8la and 8lb is
provided. with gripper blqcks B8lc which are adapted to conform
to ahd frictionally engage and grip the coil tubing 50, pipe

25 110, or quill body 75.



endl ess chains 8la and 81b, respectively, and are carried on clevis pins
74a and 74b which are nounted for limted horizontal -novenent in slots 74c
and 74d.Qf" side plates 79a and 5 79b pernitting the chains to be noved
{ﬂi;iciently to allowthe quill to be placed therebetween as before
. Wthin each of the drive chains Bla and Blb is an endl ess-gpll er

whi ch passes around its respective pressure beans 73a or 73b and
- passes around upper and | ower sprqgﬁets Bld 10 and 8le, respectively. It is

readily seen that when the pressurf&libeans are noved toward each other, the
drive chains 8la and 81b will be pressed against any coil tubing, pipe, or
‘the. qui lawhhek :BEDPLRS shit bR CRBIVERE 73880l LBk %!&%&ag.—&uﬂ S
squeezed between the 15 pressure beam and the drive chain and its rollers
reducendhesérénaios 80d peENgLIE herskpaet speogkehnadakel @adiiiwy the drive
chains with reduced horsepower and energy to nove the coil tubing, pipe, or
qui | lorupe berdli or pdoen 74ahanidowarb iwH iafh sprecketst sdafard 1423 tayde preferabl y
20 carried on sw ngabl e housi ngs 72c and 72d whi ch can be noved by

ti ghtha¥ iePotal oBeEaprytadustlioty MAc 72¢ a4d 32f stdei pimease Ma dany ease
tension.in the drive chains. The |ower sprockets 8le serve to maintain :
TR TR PUASRg e ehaimstaernoted gppeort eubEtaiverdyytioor | zont al . -
25 af%%&hggedriv? chai.n 8la or 81lb is noved toward and away from

: _ gquill

to be placed therebetween as before explained.
Within each of the drivelchains 816 and Blb is an endless \;j
ro%ler chain 81" which'passes'afoﬁnd its respective préssure
'{weamw&ﬁaﬂmrﬁi&hgmmd;pwssesmam@nﬁd@uppe:umnﬁw&suemﬁsptmcke&smB&d
10 and.81€, respectively. | |
It is readily seen that wheh'the pressure. beams are moved
toward each.otﬁer.'the d:iVe-chains-Sla and 81b will be pressed
against any coil tubing, pipe, or the quill which happehs to be
therebetween. The roller chain 81' ié squeezed between the
15 Pressure beam, and the drive chain and its rollers reduce the
frictionand Hpermit wthe «drive sprociets 82b o »d'rmre*tlhe dr»nxe
chains with reduced horsepower and energy to move.the coil . et
tubing, pipe, or qguill up and/or déwn. |
The lower idler sprockets.72a.and 72 are preferably

Q0 OB Tied. On-uSwWi WH%ﬁﬁm@ms@ngs:ﬂﬁr@ﬂmm;ﬁ@dawmic%ﬁtamﬁh&wmmméﬁsby

tightening or loosening adjusting nuts 72e and 72f to increase

or decrease tension in the drive chains. The lower sprockets

8le serve to maintaiﬁ their respective roller chain 77 with its
*uﬂtﬂﬂersa@mbsmaﬂxﬁaﬂ%yﬁhor@wontau.
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the coil tubing 50 as seen in Figure 17 by neans which will now be
described. A pair of- clevises 86a and 86b is nounted for horizoq,u. _
novenent, each having an opening in each of its |legs 86¢c. Pin 7fp gjdsses
through the holes in clevis 86a, and pin 74b passes through the £S
clevis)86b so that the clevis and the pressure beam 73a nove togeTher’:.
Each clevis passes around the outer side of the pressure beam and chains as
shown. Cdevis 10 86a has its outer end 80d swivelly connected to the inner
end of threaded adjustable stop screw hich is threaded into a yoke
menber 87a having trunnions 87b at its-Opposite ends secured in suitable
mat ed recesseBadtiCdf Pv8Edhiaint BA 2cAS 8Ifb Si slempb @l eowadanad’ Awazn of ool

pi eces 88a and 88b as shown. 15 The end pieces are secured to the ends of

t he side yieatasi bytshi bbb bel se2ed8dn Hugadedl3tby secarw &hiich adjlstresk
by turning it to operate its thread 87d to nove the screwin or out as
desired. Wuidednwipedns (not shown) for |ocking the screw 87 at the

adj usted position are well known and nmay be 20 provided as desired. Cevis
86b sinilarly RRLBEreE sbevises SSeniangk 84k otghnepet eddEornbeadzontd i t h
pi n 74b passing therethrough so that clevis 86b and pressure beam 73b wil |
nove t 8gdAERentihL3Th chakinaped SPedidi sl BeRRFR %gchFédlf’Sst §eend Foxn

i ston 89 of 25 hydrauli i 89..  Cylinder_ 89 i in pl b
R Joke 72 BATHY S REHS P! Fhe) a0 o7 il RALe (Pl BAQ B ny U145 Bagpes

W through the holes in clevis 86b so that the clevis and the

pressure beam 73a move together. Each clevis passes around the
.outer side of the pressure beam and chains as shown. Clevis

10 86a has its outer end 80d swivelly connected to the inner end
of threaded adjuétable stop screw 87 which is threaded into a
yoke member 87a having trunnions 87b at its opposite ends
sécuréd in suitable mated recesses 87c formed.in the ends of
side plates 7%9a -and 79b and end pieceé 88a and 88b as shown.

15 The end pieces are secured to the'énds of the side plates by
suitable bolts 88c. Threaded stop écrew 87 is_qdjustéd by
 turning it to operate its thread B7d to move the screw in or
out as desired. Suitable means (not shown) for locking the
screw 87 at the adjusted position afe well known and may be

.20 provided as desired.

Clevis 86b'similariy.has arms 86c with openings through the
ends thereof and with pin 74b passing thurefhrough s0 that
clevis. 86b and pressure beam 73b will move together. The outer
end B0d of élevis H86b is secured to the end of piston B%a of

25 hydraulic cylinder 89; Cylinder 89 is secured in place bf a

yoke 87a' which is much like yoke 87a and has trunnions at its



opposite ends received in allgned recesses formed in the ends of the side
plates Jga and 79b and in the end pieces 88a and 88b, and t hese end pi eces.

are secured in place by bolts 88c in the manner before explained with
respecty ‘oke 87a. 5 The hydraulic cylinder 89 is actuated by

hydr aul i uid pressure introduced thereinto in the usual -manner to eXtend
dnd retr Its piston 89a. The piston noves the clevis:-86b and the

pressure beam 73b toward the left as seen in Figure 17. The beam 73b forces
the drive chain 81b into contact m%ig the 10 coil tubing 50 and al so pushes
the coil tubing, drive chain 81la, ssure beam 73a and clevis 86a to the

left &%L zkop B8d By glwél L recBUlRe i JIRRY w8fe Alsden 892

causes e COI tubi ng 50 to be squ ezed bet ween the gripper blocks 81c of
drivesghghgs s84a gn@:&l—.bﬂad amwsv@s fhaniy @hePRed phi%ceE@mdl iaga chains
may then be set in nmotion to apply an upward or downward force to the coi

t ubi ngghbQ HRME thlsleNle@dOp itde Pfatdesuvblikeds iGeplar@ byRaicland i88cthe

pi st on 89a wi || | oosen the grip of the drive chains on the coil tubing when
desi rede .Rahher defiore &Kpl=ihwd whehf respieot et wedke t8% Jdrive chains 20
and pressure beans as-before explained. To release the COI| tublng 50 from
the grip Thet hydehaailni cdiyid Hfboh 4P STE “Wytnateac v divg: Sirdelgid
redirected to the piston/cylinder 89 to retract the piston 89a which noves

the 2Breggprer iggaoduged ttharrintei YRt kst Usdsl ipner 1t Q Hé“qtf?‘?l"?‘é to

" be used, the adjusting screw 81 is backed out, and in so ng. ét wi ||
pul | fﬁérpsfctlﬁ&nenatan EWpa, THesBIFEOBe@iAvVEs the clevis. $6b "h W

the pressure beam 73b toward the left as scen in Flgure 17.

- e Boan 73b *forces the “drive ichady «Blb duto .contact with the
10 coil tubing 50 and also pushes the'cdil tubing, drive chain .
8la, pressure beam 73a and clevis B6a to the left until stopped
by adjusting screw B87. Further movement of piston B8%a causes
ﬁhe coil'tubing 50 to bLe sgueez zed betwesn the gripper hlocks
8lc of drive chains 8la and 81b and thus be firmly gripped.
-»ES'cmh£ﬁﬂmiweuchaihs,may then be set in motion to apply an upward
" or dowhwa’r'd'_ force to the -c'o'"i""l “tubing “to move it dnbosor outof
the well as désiréd. Retracting the piston 8%a will loosen the o/
grip of the drive chéins on the coil tuling when desired.
Roller chainslel' réduce the friction between the drive chains
"n?bﬁiahdé@am$3®mﬁﬁb@amswasﬂbé&me¢£mpimime@_

To release the coil tubing 50 ffom the grip of the chain
drive mechanism, hydraulic fluid pressure is redirected to the
.piston/cylinder #9 to retract the piston U%aq thch moves  the

o e 'i‘réif‘vg%\'?t'éf?%\étiﬂ “Selevis  B6D.. spressare beam T3b, drive chain:.81b, .«.-v-and.
25 rqller.chéin Bl} to their rightﬁost‘position._ I1f the quill is

to be used, the adjusting screw 81 is backed out, and in so .



roller chain 81', and drive chain 8la to their leftnost position. Wth the

‘drive chains 8la and:-8lb-at their maxi num separation, the quill body #scan
"be placed therebetween as 5 before explained and as seen in Figures \d
19. After placing the quill between the drive chains, the adjusting

87 is adjusted as desired to provide a secure grip of the drive chai

mechani smon the coil tubing, pipe, or the quill when the drive chains are
agai n actuated to gripping position. 1%%_ Thus, it has been shown that

t he apparatus and nethods illustrated a-described her ei nabove ful fill all

~of the objects set forth early In this applicdtion. It has been shown that
t.he inprogeiingolit wihilnguinj edteorl &t - mhmdqqnbV1§5805hepgmqﬂume:ﬁnﬁmtﬁéﬁ-
rotator 200, and 15 connector 100 (either 10a or 10b) find utility in
runni ng arbkpgrhcbhicoll ‘tukimy dntve acheih 8hd tRefihedratliafd RIRF coi |
tubing while it is in the well to perform desired operations downhol e, such
as drillipgsbtiiopbst Widh diee doivexchples §&ﬁdabﬁ|@désdtoﬂhH%¥IW§ﬁﬁm¥?
has been shown that jointed pipe can 20 be added to the:- upper end of the
coi | tubi sgpavataoneasds anirkkhdrednt 35t penwee| P&ﬁ&eﬁhéthec‘}?é’eéd'f? ? @BFng
may thereby be further Iowered into the well and na even Qf r ted while
it is BeipgirsRerER2ipgd PG 3% ?%%“beénFéﬁB\KﬁstH Heen

oi 1 ?ﬁﬁ.%@éﬁ?néﬁ%ﬁiqﬁu A hehdehethe Eli?%ﬁ%@%‘%ﬁe BS.?HS“"’% ghrev

PR B i tjg,pz[ee'agn“ el dd %cg eﬁ%wae a BUUA%E A Rt hbCE i ve
-chain mechanism on the coil tgb1ng, pipe, or the quill when the
drive chains are again actuated to gripping pousition.

10 ' Thus, it has been shown that the apparatus and methods
illﬁstrated and described hereinabove fulfill all of the
oﬁjects set forth early in this application.
| It has been shown that the improved coil tubing injector
60, the quill 75, the gripper 300, the rotator 200, and -

15 connector 100 (either 100a or 100b) find utility in running a
.length of coil tubing into e well and then rotating the coil
'tubing while it islin the well to perform desired operations
downhole, such .as drilling out obstructions, for example, sand
bridges, or the like. It has been shown that jointed pipe can

20 pe added to the upper end of the coil tubinyg to increase its
reach into the well and tﬁat the ceil tubing may thereby be

- further lowered into the well and may even be rotated while it

is being lowered. Further, it has been shown that a quillihas
-beeﬁ provided which can be placed in a position eurrounding the
. 25 pipe or coil tubing, that the quili is formed with at least one

pair of opposed 16ngitudinally extending ribs on its exterior



coi | tubing and pipe, thus enabling the injector to grip and drive the
quill“i-n the same way that it engages and drives coil- tubing; and that the

qui | l#qkes it possible to nove the pipe and/or tubing up and down while

r ot af ‘at the sane tine. Also, it is understandable that, while the_pipe
and tubing are substantially equal in dianeter, and either coul dgbe
driven by the injector, the quill, having a sufficiently |large bore 10 .
jointed pipe through the injector which coul.d not otherw se handle them
since they are too large for the Fpper pads. It was al so shown that
certai n downhol.e operations may be—flickly conpleted by running coil tubing

i Nt 0. QriRlde LA B0k o Ar ek icimBhRY d RIIRCIDIz e Vhhd. BHEPeSBE-BBel N tiMe
and noney since 15 the coil tubing can be noved continuously, and then when

‘the epgnatiuiimieiida i sipeachds anawilliingcamee miledot otbhgruppandend of
the coil tubing to make it possible to rotate the tubing for perform ng
t hos@rdper atieonguillti nh@Bebaaneshayn that itthed) sgk 9seddagpavesusoiid
provided with limting nmeans for 20 automatically stopping the quill both
at t hahimgsr aantl Diatt thet qokélamdkats tite faowerb kndt @ hwpvof thehat Peuch
limting means is operated by goengageableqliqu;peans on the quill and on
*tHé*ﬁmﬁ@@#ﬁﬁﬁﬁ@ﬂ&“ﬂhé@@ﬁﬁ@QﬁF' e mpterdegia Tt spemgfitdfecone into
play shoul d, the automatic Iin&t ngans fail,; aqd’that theae 25 kaﬁ} | imt
mean®{S%vilde WerPRFEES| fRFEEIBeS ARG WiTHH § (11 P HDsePDl 697 &r *ERA "Qui | |
to nmove. Adqétionatg It _has_been - 34-_sho hat apparat ’
. | ' ebha ] ! A a2BRaG4en |
i sclSee A HoboL LY rgbe Y, g 81aneter amd WTehLE cbifa™® o
by the injector, the quill, having a sufficiently large bore
Q:m&hemeﬁhm&mgh@ﬁmakns:ﬁiﬁ@@ssﬁbaea&oﬁp@ss:ﬁmeqcampidggswoi1Lhe
10 jointed pipe through the injector which could not otherwise
handle them since they are too large for the gripper pads. 1t
was also shown that certain downhole operations may be guickly
completéd by running coil tubing into a well through use of a
coil tubing injector, with much saving in time and money since
15 the coil tubing can be moved Enntinuous}y,'and then when the
operating depth'iswrﬁatﬁod, a quill can e addaed teothe -upper -
end of the coil tubing to make it possible to rotate the tubing
for performing those operations. It has been shown that the
disclosed apparatus is provided with limiting means for
'.ﬁt)Qaugnmatﬁcaimyfstbpp@ng4&heﬁgu$$&ﬁhﬂﬁm&aﬁﬁﬁmaqﬂppermeﬁﬂﬂﬁﬁﬁiiﬁ
stroke and at the loﬁer'ehd thereof; that such limiting means
is operated by coengageable limit means on the quill and on the
~injector; that there is provided further limit means which come
- dintonplay should-the .avtomatic 1dmit .means faily -and that these

25 jast limit means provide definite limits beyond which it is

impossible for the gquill to move. Additionally, it has been



wells by installing «coil*tubing in a well and then rotating the coil ng
‘to perform5 desired downhol e operations such as drilling out sand es
or- other obstructions, or sinmlar operations. The present specification has
‘been dili/ded out of U K Pat ent Applj@ation ' 8428776 (publication
No. 2151278) Rg erence i-s 3 % U. K., Pat ent lication
8630871 (publ-‘f’b%rf‘} ohPRp. ¢ fsé’éiﬁ%'%ﬁﬂsc hee ‘B%% beredeaboye Jtahsk. 1Pat ent
Appl i cation 8AREANeEle 15:020p25c3®035 the Clui o dls o&trmtnh@id hereia ndoa wel |
conprising t i er.at | nd ck _val ve
Lo the.l owerr&r%éoef c0|¥ ??J‘E)‘?%%f&g QQ;i‘Q Bg ﬁtsr?%qﬁim? 1ﬁloi @?ﬁﬁ‘?ngnto a
desired deptiai wetlle apfll thenugetadd ng ah90|¢0¥hb|m§>mﬁ e¢por pesform

- Supportifng spddh &4 | dbuhhaqeatow@a@%ﬁ@(:%wﬁh st &y PP g SIJWRS: slnd

severing said coil tubing at a |ocation spaced
bridges or other obstructions, or 51m11ar operations.

possi ble to practice the nethods outlined herein for expediently seé@ng

The present specification has been divided out of
U.K. Patent Application 8428776 (publication No.

2151278). _

10 Reference is also made to U.K. Patent Application

- 8630871 (publication-No. 2186609) which has been divided
~— out of U.K. Patent Application 8428776. '
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10 above -sai-d-stati-onary sl ps and attachi ng a connector to the end of

i ncl udes neans for r| |n 20, rel t|ve to saij uill,
said method ind" udaeseé‘g‘éig(gdlgﬁ r?%l a%g‘ "%tep o1 I’SPgtl ng SGh 5‘??“2 |ng
means and ttdwetlmlllowetmlergi snﬁnmnlbdtubmgaby to rotate said operational
| ower e uﬁﬁ‘ig C%' |1 t%m t§b1ngAﬂpt§oge§§985d'd&éﬂ) ghaim 2,

ng the further steé

on th
|nclu§

10

20

25

-

e -well . thcough use of a-ceal Aabing: injectors
“C. supporting said coil tubing at the surface with
stationary slips;
d. severing said coil tubing at a location spaced
above said stationary slips and attaching a connector to

the end of the coil tubing extending from the well, the

free end.of .said conaector hawving means for attachment “to
a length of pipe; o '

- a, telescoplng a tubular quill over the free end of
the coil tubing and engaglng said qu111 in said coil
tubing injector, said gquill having gripping means

thereon;

f. connecting a length of pipe to said connector on:

sa1d coil tubing;
g. activating said grlpplng means on said quill to

- gripsssaid pipe- or:saaducoalntnbang,

h. releasing said stationary SllpS’ and

i. operatlng said coil tubing injector to move said
quill and said coil tublng supported thereby
longitudinally. .
2. A method according to Claim 1; wherein said gripping

- @ﬁﬁans;ﬁsaﬂmﬁéxébiyfmmnmted@pmusaiﬁﬁgnilia%mdﬁsaidgqnill

30

includes means for rotating said gripping means relative
to said quill, and said method includes the additional
step of rotating said gripping means and the coil tubing
supported thereby to rotate said operational tool on the

. lower wend -of said. coil -tubing.

35

3. A method according to Claim 2, including the further
steps of:

the cop extending fromthe well, the free end of 'said connector
“havi ng “wtlmm'u“ "ISO a length of pipe; e. telescoping a tubul ar

qui || ¢ - the coil tubing and engaging said qul|

in said coil tubi ng [ J ettor, said quill having gripping neans thereow f.

connecting a |l ength of pipe to sai d nector on said coil tubing; 20

g. activating said gripping neans om=3aid quill to grip said pipe or said

coil tubirg;afms rel easing said stationary slips; and i. operating said coil

t ubi ng |njm'to /€ S uilJl, and  _said coil t ubin support ed
"t her eby*28~ F8h {%#ﬁ“ y “cmﬂ$ﬁ?ﬁﬁ@‘ kﬁﬁ@?%®5¥%9CFﬁqn “e®Rer ei n

sai d grlpmﬂm)neans i's. rotatably mounted on said quill and said quill

and

t ool

Y

<



a. disconnecting said |length of pipe fromsaid coil tubing; b. disengaging
~said quill from satd coil tuping.injector; and 5 . C. renoving
said coil tubing fromsaid well using said coil tubing injector. 10

25 30 35 . _ @

.3b
- a. disconnecting said length of pipe from said coil
\ ~ tubing; o |
> ' b. disengaging said quill from said coil tubing
injector; and ' '
5 c. removi'n_g said coil tubing from said well using
said coil tubing injector.
_ 10
o
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