.[err} REELED TUBI NG GAS.LI FT MANDREL This invention relates to systens and
met hods for the installatiaon®of such systgnms for the production of well
fluid fragdderth formations by gas lift and nore pargicularly relates to
gas lift mahdrels and the-installation of such nandrels on the coi
tubing utilized as production tubing for producing well fluids fromwells
penetrating earth formati ons. BACKGROUND OF THE INVENTION It is known in
the oil and gas well production art to produce such wells using coil tubing
which is a continuous conduit without joints carried on a reel from which

the tubing is lowered into a well into which lift gas is to be injected for
production of fluids fromthe well. Apparatus and a net hod qf _
installation of such apparatus for conpleting a well wth coi

tubing including a well conpletion utilizing gas |ift valves and mandrel s
is illustrated and described in US Patent 4, 844, 166, issued July 4,
1989. Such patented well equipnment includes one or nore gas.lift valves

installed in tubular mandrel's which are connected into and forma part of
the coil tubing string thf&%’éﬂkﬁlﬁ“ﬁ\ﬁﬁnﬁ&“& § Bifr MA}%R%-OdUCGd_ from the
well by injection of gas into the corl tubing through the gas lift val ves
and passages in.thgjg invention relates to systems and methods for
the. installation of such systems for the production of
well fluid from earth formations by gaé 1ift and more
U particularly relates to gas 1lift mandrels and ' the
~ installation of such mandrels on the coil tubing utilized
as production tubing for producing well fluids from wells
penetrating earth formations. |
BACKGROUND OF THE INVENTION
It is known in the oil and gas well production art
to produce such wells using coil tubing which is a
continuous conduit without'joints carried on a reel from
which the tubing is lowered into a well into which lift
gas is to be injected for production of fluids from the
well. Apparatus and a method of installation of such
faﬁpératuﬁ for completing ‘a well with coil tubing.
including a wéll completion utilizing gas lift valves and
'mandrels is 'illuStrated and described in US Patent
4,844,166, issued July 4, 1989. Such patented well
equipment includes one or more gas. lift valves iﬁstalled
in tubular mandrels which are connected into and form a

part of the.coil“tubing string through'which'fluids are



gas lift mandrels. In the prior art devices such as the patented apparatus -
it is necessary to cut the coil tubing and splice*theigas |ift mandrel |nEo
and connect the mandrel with the coil tubing by suitable coil tuBing
crossover pin thread connectors t hereby permanently securliﬁwthe gas
lift mandrel into the coil tubing string as an integral part thereof at a
fixed location along the length of the_tubing string. At each |location
al ong the coil tublng string that a gad-lift mandrel |s-de5|reﬁ;fthe }ublng
string is cut he mandr el |nstalled as described. - Agas lift valve is
connect ed Hﬁ‘%& ‘i gF°{“hEheg‘é(§ | Pﬁ’t “ﬁﬁﬁ’&i@’é ofagasyligto |tIhQJSTQJa1bed i n]c
the referenc RY | N\VENTION It_is a principal o Ject o]
t he presen&q EﬁﬁoPg M%%ﬁcﬂ?ﬁe f&nH%Hﬁﬁ%nﬂRF %ﬁ%ﬁ?&?ﬁslfaﬁﬂl )
instal |l ati Bt nectp.n a I|ft val yes into a coi i ng f.or
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anot her ob or

instal li ngjpga%se‘ﬁefét t%égggen%%é%l% %gyécm?gfp%l; ng WI outomé‘u'ltlﬁqﬁd’q he

tubing. |t o aopibes ahiechas! i | RuaRlean i%@”&‘ﬂdd &RRace! thd o the

connection of gas lift valvés with coil tubing I ch mnl ‘perm

di sconnect mamdxel heighs thét coill ettibing by suitable coil tubing
crossoﬁer“pin,thread connectors;';thereby permanent1y

securing the gas 1ift-méndrel into the coil tubing string

Q

as an integrél part thereof at.a fiﬁed-location along the
~ length bf,the tubihg-st:ing._'Atleach,1qcation'aidng-the
coil tubing string that a gas lift mandrel is desired,
the tubing string is cut. and the.mand#el installed as
described. Afgas_l;fp_va;ve5is ¢onné¢ted into each of
the gas. lift  mandrels as also illuétratéd- iﬁ.'tﬁe

referenced patent.

It iﬁ_a pripcipal object of the present invention to

provide . new and improved apparatus. énd -instaylatioﬁ

O

-methods for cqnnécting gas 1lift valves into a coil tubing
for production of fluids from a well using injection gas
and the like. |

It_is athhe:_object of the invention to provide
.apparatus and methods for installing gas 1lift yé;ve
mandrels in coil tubing without cutting the tubing.

It is another object of the invention to provide
apparatus for the gonnection of gas_lift_vglves with go;l

tubing which will permit disconnection of the gas lift



-8- valves fromthe tubing and reconnection of the valves at another

| ocation"along the Iength of ‘the tubing. It is another object of the

i nvention to p‘%ovi de apparatus and nethod for 5 the connection of gas lift
valves with co tubi ng qui ckly and i nexpensively in conparison with prior
art practices. In accordance with the imention, there is provided a
mandrel and nmethods of nounting a mandre on a tubing as defined in the

o TPy g’ wAkR TR fhe (TBnE EA R inclPh B B WAl o B RBNE Rl OB ", | 0°

hori zontal tyh ﬂﬁe[dﬁgﬂpbf%ﬁh& the | ongitudinal axis of the tubing at

the location for the top of dreI when installed; providing a

| ongi tudi nal mark on the outer surface of the tubing parallel with the
I ongi tudi nal axis-of the tubin i ntersecting the crossmark; marking,
cent er punchilhy anotheriobjact of tge haventignoteyprovide epparates aad methpd fort he

| ocati on t he passage mandr.el nd securl t he
T randrb! MG DRIHON o Bas ift NeleR it coll HibLag ARkl end HeRBeRSHElY op of
t he mandr eI the coil tubing and the

| ongi t udi nal %é\%@%ﬁ@lohgvgpﬁrﬁ&o%g%éé%em aligned with the | ongitudinal
mark on the coil tubing. Another formof the gas lift mandrel of the

invention and the- nmethod of installation includes providing an

i nternal t hr $adecbridahee witldihednvertion, thereris provided dymandret anhd anethodsixi s
common with the axis of the body segnent dpassa ge hole for comunicating
into the of mountmg a mandrel on a tubmg as defined in the accompanying claims.

o 10 One method of installation _of the mandrel on, the coil tubing includes:
providing a crossmark on the outer surface of the horizontal tubing
perpendicular to the lbngitudinal axis of the tubing at the location for the 

| top of the mandrel when mstalled providing a longltudmal mark on the |
| .outer surface of the tubing parallel with the longitudinal axis of the tubing

15 mtersectmg the crossmark; marking, center punching, and drilling a hole
along the longltudmal mark at the location of the passageway in the

mandrel body segment; and securing the



tubing, a pipe plug for closing the hole into the.body segnent, .and
fnstalling the nmandrel body on the coil tubing by seburlng the body
segnents together around the coil tubing, drilling a hole in tQe coil .
tubi ng through the hole |l eading into the body segnent, and cIOsrng t he hal e
into the body segnent with a pipe plug. The mandrel may be nounted and
~pressure tested on the coil tubing before drilling the hole into the
tubing. Preferred enbodi ments and thg- objects and advant ages of the gas
lift valve mandrel of the invention will be better understood fromthe

f ol | owi Nom&AB el e sty CEbgikats! adyetie£0aronsd Ohai EBilhecuscsgnpanyi ng
drawi ngs wherein: Fig. 1 i1sa fragnentary |ongitudinal viewin section and
el evat i onwdthotReetbpdb fiethie akamixes dlfdned| witharivs o rodsingek ohi ft val ve
installed on a coil tubing section;  -5- Fig. - 2 is a viewin section

al ong thethéneoilZﬁMbﬂﬂg;gnd;ﬁhétlongrEudﬁndlebeam@nuﬁﬂnsLﬁﬁr@hehomn in
Fig. 1, Fig. 3. is a fragnentary right side view in-elevation of the gas
lift vaIvboﬂnnaﬁemenhj%ﬁﬁsm¢dtwﬁuhv@hﬂ1anHk%¢¢inﬂb|ngrstﬂuﬂheln Fi g.

1, Fig. 4is aviewin section of the gas lift valve mandrel along the |ine
4-4 of Figeid tubingd g@nq§§e§e§orm of the gas 1ift mandrel of the

invention and the method of installation includes

>

proﬁiding"an”intetnal'threaded“hole;leading“into the

mandrel body segment on an axis common with the axis of

O

the body segment passage hole for communicating into the
tubing,'a pipe plug for clos1ng the hole into the body
ségment,'and installing the mandrel body on the COll
tubing by securing the body segments together around the
c01l tubing, drilling a hole in the coil tubing through
the hole leading into the body segment, and closing;the
hole into the body_segment with a pipe plug. The_mand;el
may be mounted and'pressufe.tested on the coil tubing

. before drilling the hole into the tubing.

§

Preferred embodiments and the objects.and.advantages
of the gas lift valve mandrel of the'invention willibe
better understood from the _following _detailed description
‘taken in conjunction with the accompanying drawings
wherein: .

Fig. 1 is a fragmentary longitudinal view in section
and  elevation of one embodiment of a g.as lift wvalve

" mandrel and gas lift valve installed on a'coil tubing

section;



%

te the orientation of Fig. 1; Fig. 5 s an. |n5|de view in perspective of
the right mandrel body segnent or valve adapter as illustrated in Figs. 1)
2, and 4 shom&gg the O ring groove around the gas opening into the bore of
t he mandr el g. 6 is a viewin section of the body segnent along the |ine
6-6 of Fig. 5, Fig. 7 is a fragnentary view in elevation of the coil tubing
section on which the mandrel is installed showing -reference marks used
in the nethod of installation of the #afndrel on the tubing; and Fig. 8
is a longitudinal view in section and el evation of another enbodi nent of
the mandrel of the Fhgent2 ds amdvihegasnl ishtcnia:n/eilrmmmueoﬂ\i@ese%-ta o‘hfof
coil tubing. Referring to the drawi ngs, a gas |ift valve mandrel

embodyi ng t he thatgaeslbftt valveysandseli andpeeidd tabing: Shevih k%l?lgublng
11 for supporting a gas lift valve 12 to admt lift gas into the tubing for
‘producing a weli -6- through the tubing by the production nethod in

EHGIIRC R T N %@%ﬁ#@? L A {de W S gk A8 1T
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coil tubing as shown in Fig 1;
Fig. 4 is a view in section of the gas 1lift valve
mandrel along the line 4-4 of Fig. 3 rotated 90 degreés
U to the orientation of Fig. 1;

Fig. 5 is an inside view in perspective of the right
‘mandrel body segment.or valve adapter as illustrated in
.Figs. 1, 2, and 4 showing the O-ring groove around the
gas opening in£0-the bore of the mandrel; |

Fig. 6 is a view in section of the body segment
.along the line 6-6 of Fig. 5; |

| Fig. 7 is a fragmentary view in elevation of the

coil tubing section on which the mandrel is installed

. showing reference marks used in - the method of
_ installation of the mandrel on the tubing; and

Fig.. 8 is a- longitudinal view 'in section and
‘elevation of another embodiment of the mandrel of the
invention and a gas lift valve mounted on a section of

- .coil tubing.

Referring to the drawings, a gas lift valve mandrel
.10 embodying the featﬁres of the invention is mounted on
_reeled or coil tubing 11 for supporting a gas 1lift valve

12 to admit lift gas into the tubing for produqing a well



mandrel. are two halves of the mandrel body secured together on the tubing -
to encircle the tubing as apparent in Figs. 1, 2,'and+4.~ The mandrel "has a .
| ongi tudi nal bore 15, one half of which is forned in the adapter ;13, and ~
the other half of which is forned in the clanp 14,. so that the*%dapter and
clamp fit together around the tubing with the tubing received in and a
extending through the bore 15 as-evident in Figs. 2 and 4. The adapter 13
has an internal Iongitudinal upwardlyg-opening threaded bore 20 for nounting
the gas lift valve 12 on. the adapter. The adapter bore 20 opens into a
vertical - fdsroudhkheassdgad bywtheh productiicat e tlidd in ktiiictontiatt gas ,

fl ow passage 22 opening -into the bore of the mandrel for flow of gas from

a gas |i flgaﬁali\ﬁe'imﬁmgw% i meo nbimelr eubi hgt tot héftubhegeolusm @nd ng

groove 23 is provided in the surface of the portion of the bore 15 forned

in the ad3pfermFLOERE thee Dttt nfron anveilow Bhssmgadreli i itshe

drel b . best in Fig. 5. . Th roove.23 is a circular groove
oni forty SRR A FHeOBERY Prstdon irilating e patveosdeptare il
b [ h that OJ] I nst ed i.,n. the groove w orma
o ®pos P8 EHaflEd o8 o3 14 "SaetEhd aamr{kerﬁ m?aeadomzege tubing
11 d ' 25eni [ c l,eating the, passage W th.
the' i ntor FaPia (h’; opPhs, dfRtef b “BRE NEQ, ol 1 BGEOF0E atapt o1

13 -mandrel are two halves of the mandrel body 'secured

‘together on the tubing to encircle: thé ‘tubing as '.apparent' '
in Figs. 1, 2, and 4. ‘The mandrel has a longitudinal u
bore 15, one half of which is forrﬁed in the adapter 13,
and the other half of which is formed in the clamp 14, so
that the adapter andrclamp fit together around the tubing
wiﬁh the tubing received in and ext.e:nding 't'hroughi--the
‘bore 15 as _evidént in Figs. 2 and 4. The adapter 13 has
an internal longitudinal upwardly opening threaded bore
20 for mounting the gas lift valve 12 on the adapter.
. The adapter bore  20. opens - into a  vertical .gas; flow
passage.zi which communicates with a horizontal gas. flow -
- passaée 22f6pening;into the bore of the mandrel.for flow
- of gas from a.éas-lift.valve mounted on the mandrel into
. the tubing. An O-ring -groove 23. is "provided :in the
-surface of. the portion of the bore 15 formed in the
adapter 13 around the opening of the flow passage 22 into
‘the mandrel bore, as best seen in Fig. 5. The groove 23
is a circular groove uniformly machined into the inside
- surface of the portion of the mandrel-bore-ih the adapter

such that an O-ring installed in the groove will form a



4 -

afound the open end of the passage 22 by a nunerical programed end ml|
shaping the Oring groove to 'recei-ve an O-ring 24. - The nill is operated
relative to tpe, longitudinal center line axis 26 of the cylindrical inside
surface of the adapter 13 to form-a groove 23 of uniformcross section. A
radius line 27 fromthe axis 26 extends along a centerline of the square
cross section of the groove 23 at any |ocation around the groove. The 0-
ring forns a positive seal wi-th the outer7surface of.the reeled tubing
around an opening 25 in the tubing comunicating the adapter passage
22 with the i masiitrvefsede hetbhreen the adantet and mhes odds ivie I8 ugfzare and
| ower slip teeth 30 and 31, respectively, around the bore within the
adapt er and clafpthgoiukingg bdllovaXeend @MgopesdRg 235 imhctheetimkdmand
32 tightly grip the outer surface of the tubing 11 when the adapter and
clanp are secﬁqgﬁqﬁkﬁﬂ¢kﬁgaF&%uP%?ﬁ??ﬁb?ﬁg“ﬁ#ﬁ Shgpdditemsiomsofipgdie and

oo oy e i S BEevS A 452 et 487 el Bdih g pper
o o | S E5A° ol PR SERE SR I RS,
e ann Wyl [USE D, gy B ChaTD;RERGIANELGR I rkBO Lhe

-an O-ring 24. The mill is operated relative to the

_;longitudinal- center line axis 26 of the cylindrical

o/ ~inside surface of the adapter 13 to form a groove 23 of

uniform cross section. A radius line 27 from the axis 26

extends along a centerliné of the square cross section of

- the groove 23 at any location around the groove. The O-

ring forms a positive seal with the outer surface of-the

. reeled tubing around: an opening 25 in ‘the tubing

communicating the adapter passage 22 with the interior of

the tubing. The mandrel is provided_with upper and lower

slip teeth 30 and 31, respectively, around the bore

- ~within the adapter and clamp above and below the O-ring

~ . groove 23. The-teeth_30 and 32 tightly grip the outer

surface of the tubing 11 when the adapter and clamp are

secured together around the tubing. The adapter 13 has

upper and lower.léteral.screw holes 32 on opposite sides

.0f the bore 15 each of which has an enlarged outer end

portion 33. - The clamp 14 has corresponding upper. and

- lower lateral internally threaded screw holes 34 which

match the bolt7hqles 32 in the adapter.  Socket head cap

screws 35 fit in the adapter screw holes 32 and are



evident in Fig. 4, the enl arged outer end portions 33 of screw hol es 32
pernmit the heads of the cap screws 35 to be countersunk in the adapter when
the mandrel is nmounted on the tubing. Fig. 7 schematically illjigtrates a
techni que of properly locating the mandrel 10 on the coil tubing 11. A rrark
40 is nade around the portion of the outer surface of the tubing 11

per pendi cul ar ‘to the'longitudinal axis of the tubing. A mark 41 is then
inscribed along the outer surface of-ghe tubing perpendicular to the mark
40 and ext endi ng | ongi tudi nal |y parallel - with- the |ongitudinal

axi s of tharesiied. intd Nehk 4RLampt. rse&rmswaﬂe%d B tHe HBKL wd ace of
the tubing crossing the mark 41 at the known di stance fromthe upper end of
t he mandrelBapdenn ahd cdemg tbgekhdratarahn@atheget@Bing tiHe nangr el
adapter 13. The intersection of the mark 42 with-the |ongitudinal. mark 41
i s the | oexidemtofin Fdeterthd embabged d8ten ehd pobtignkl 33 oFhe hol e
25 is then drilled in the tubing at the intersection of the mark 41 and
42. A SREPN heles 32 (pepmitnibe B@edsmqﬁng:hq teap ongrewdi 3a toent er
line of the mandrel adapter 13 as shown in Fi .. _The adapter 13 is

pl aced onP Ph‘é"BﬁF@Fs&B"fp 0 the adapten @&%Egﬁgmamgmlng& meunsgdend edge
of the ada t glﬁwat t he mark 40 and the |ongitudinal. center mark 43 on the
'adapter %-udi nal mark 41 on t he tub| ng. At th| S position

of the adapt er FitJ]e l7at eér?ematically J.llustrates a techn:.que of
properly locating the mandrel 10 on the coil tubing' 11,
A mark 40 is made around ‘the porﬁi'on of the outer surface "/
of the tubing 11 perpendicular to:thei”longitudi'hal ‘axis
. of the tubing. A 'mark 41 is then inscribed along the-
- outer surface of the tubing perpendicular to the mark 40
and extending longitudinally parallel with the
longitudinal- axis of the" tubing. A mark 42 is then
inscribed in the outer surface of.tﬁe'ﬁubing crossing the
mark 41 at the known dis_t'anc.'e _f‘rbin th'e .upper end of the
mandrel 10;:-'to the center of the l_aﬁ_era'l'passage- 22 in the
~mandrel adapter 13. The inte.rsection. 6f_ the mark 42 with
- the longitudinal uiark 41 is the location of the'-cent_"er' of
~the hole. 25 in .the tubing 11.  The hole 25 is- then
‘drilled in the tubing at the intér-s-"e_c‘:ti’d"n;-‘ of the mark 41
‘and 42. ° A mark 43 is then inscribed aleng"'-' the
'longitudinalscenter line of the mandrel adapter 13 as
shown in Fig 3. The adapter 13ﬂiS'placed_on the outer'
surface of the reeled tubing aligning the top end edge of
‘the adapter with the mark 40 and the"lo’rigitudi'ria’l center

mark 43 on the adapter with the longitudinal mark 41 on -



passage 22 in the adapter is aligned with the flow port or hole 25 in the
't ubi ng. " Prior to positioning the adapter 13 on the tubing surface, the
O-ring 24 is plraced in the Oring groove 23 so that when the adapter is
properly | ocateéd on the tubing the 0-ring engages the outer surface of the
tubing for sealing between the adapter and the tubing surface around the
adapt er passage 22 and the tubing port 25. The mandrel clanp 14 is
positioned on the opposite side of the taghing in alignnent with the adapter
13 and the socket heads cap screws 35 are placed in the screw holes 32 and
screwed i nto the tabimeal | fttbhesdpdsstiow b6l eRe3ddaptéke thanpatekal the
adapter and clanp are tightly secured together on the tubing formng the
mandrel 10. \Vihesskge @RPaptrerthkedadapbterais sédgmed oritthecheilbfhow poetslip
teeth 30 and 31 within the bore of the mandrel engage the outer surface of
t he tubi ng seedriheleh@Snakmr #heagtmbing) ongPrigrndio nposatharndmsh the

sl i ppage along_the tubing. Preferably, prelimnary to mounting the nmandrel
on the tubi ng28RRtER 43 Ofr FhectubénIcFurfiaceubrhg Psringbed SsoRtacedt h

emery cloth payin articgular attentign to the area around the port 25 in
the tubing. ‘AtPer*HouRrFAge NEEREREr &3 ofi°t ﬁg‘aﬁbwﬁﬁ," t4he gadapter \ifve 12

o prcured | baohBRINP UG | BRIUUL IehBERE B Y A SALRE P E e O
- outer  surface of the tubing for sealing between the
adapter and ‘the tubing surface around the adapter passage
. 22 and the tubing port 25. <The mandrel clamp 14 is
.positioned on the -Oppoéite side of the +tubing in
‘alignment with the adapter 13 and the socket heads cap
.screws 35 are placed in the screw holes 32 and screwed
.into the internally threaded screw holes 34 in the clamp
.until the adapter and clamp are tightly secured together
on the tubing forming the mandrel 10. When the adapter
and clamp are secuied on the tubing, the slip teeth 30
-and 31 within the bore of the mandrel engage the outer
-surface of the tubing securing the mandrel against
-longitudinal movement such as slippage along the tubing.
Preferably, preliminary to mounting the mandrel on the
~tubing the outer surface area of the tubing is rubbed
”smooﬁh with emery cloth paying particular attention to
the area around the port 25 in the tubing. -
After mounting- the mandrel on the tubing, the gas
lift valve 12 is secured into the mandrel by engaging the

~externally threaded lower end portion or an appropiiate



fitting of the gas lift valve into the internally threaded mandrel
bore 20. Fig. 8 illustrates a nodification of the nandrel adapter'13'mhiqh
permts a different nethod of nmounting the mandrel on the tubinrgto be
used. An internally threaded pipe plug hole 50 is drilled through the
outer surface of the adapter 13 into the fl ow passage 22 al ong the axis of
the fl ow passage. The use of this nodified formof the adapter 13 with the
pi pe plug hole 50 elimnates the nea@g-for the mounting nmethod utilizing
the inscribed marks on the tubing surface as illustrated in Fig. 7. The
nodi fi ed . affiapt Eng 130 Ancclide gdsanl ilgk arvalsacuietd ogdldhen me i 1wbi ng
with the Oring in place in the Oring groove 23. Either after positioning
t he mandr ethoeadéd nabdmgloboref @0, . ~a: pipe plug 51 is screwed into the
pi pe plug hole 50. Wth the adapter and clanp firmy secured on the tubing
by tightening tfegcal sckbuwstaataad a rodi pecatiign5ofi ntheacandwelmandrel
may be pressured tested b§ appl yi ng adfressure into the mandrel passages 21
and 22 thragRpEeFel P n¥high PR oIl S e fikkerept methgdeofi pousitingl i s
then renoved and the port hole 25 in the tubing is then drilled by
i nserting Ur PRRAFRLO RN thE FYRERT uEondi®e wBednd 1R ABker@alddsage 22.
After drillin he port 2 _-tﬁg pi plug.is replaced ipn the hole 50
seal i ng'tk@rp%é:e(gl E’SpﬁopifugT 918, eqi q%/'é\f.]v]ee‘th 9“9ﬁeitr e A ed on or
ConneCtedsdfgéhetgf'tﬂ@ngﬁgﬁtegtIBtPStoagﬁgtfiowlgasg%ge 22 along '
the axis of the flow passage. - The use of this modified
- form of 'the adapter 13 with the -pipe plug hole 50 _\*J
eliminates the need fbr-theimounting method utilizing the
. inscribed marks on the tubing“sﬁrface-a§ i1lustratéd7in
Fig. 7.° -The modified-adapter.IBEand-thelclamp714*are
'secured together anthe tubing with=thef0¥ring'in'piéce
in the O-ring §roove 23. -Either'after'positiohing{the
mandrel on the tubing or before, a. pipe plug 51 'is
screwed into the pipe plug hole 50. With the adapter and
~clamp firmly secured on the tubing by tightening the cap
'screws 35 and the pipe plug 51 in=p1aceithe mandrel may
be pressured tested by appl'yi'n'g- a  pressure into "the
mandrel passages 21 and 22 through the internally
threaded passage 20. The pipé’?lug~51 is then removed
and the port hole 25 in the tubing is then drilled by
inserting a drill through the pipe piug hole - 50 ‘and the
mandrel passage 22. After drilling the port 25, the pipe
plug is replaced in the hole 50 sealing the pipe plug
hole. The gas lift valve 12 may then be mounted on or

connected into the mandrel at the adabter 13 as



|Flustrated The use of the nodified mandrel adapter illustrated in Fig.
‘8 ellnlnates the necessity for the markings on the coil tubing described in
Fig. 7 and thu avoi ds any al i gnment probl ens between the port 25 and the
tubi ng and the mandrel adapter passage 22. Mandrels 10 with gas lift val ves
12 may be nmounted on the coil tubing at desired |ocations along the tubing
as the tubing is run into a well using well known apparatus and techni ques,
such as a lubricator through which the ratdrel and gas |lift val ves nay be

i ntroduced into a well and standard equi pnent for running the coil tubing
with the mandridllusitratedes dheched ioff cchewebfified tmindrel esdapfen

rel ocate the mandrels and gas lift valves, the spacing is readily changed
by renoving t hid khestirated Wal digy t&leebbmsaﬁssl fhehdeges ikt §9&d thend
remounting the mandrels and gas |ift valves at other locations as desired.
It will be redtA¥kingeonHehe £jds 'qql?’tngléleﬁé:rriehﬂﬁ‘ din iFi SedoAdsh &8 YRict h
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mandrel s and g5 dhd teyAl VESH{R§ISt desired locations along the tubing
‘as the tubing is run into a well using well known

;z' apparatus and techniques, such as a lubricator through

which the mandrel and gas lift valves may be introduced
into a well and standard equipment for running the coil
tubing with the mandrel and valves attached into a well.
If it is necessary to relocate the mandrels and gas 1lift
valves, the spacing is readily changed by removing the
mépdrels, welding the ports 25 in the tubing closed, and
remounting the mandrelé and gas lift wvalves at other
locations as desired.

It will be readily‘ seen that a gas 1lift valve
mandrel in accordance with the invention is inexpensive
to manufacturer and can be very quickly installed. The
structure of the mandrel and the installation procedures
permit gas lift valves to be quickly pulled and serviced
by retrieving the coil tubing on which the mandrels are

- mounted. . Conventional threaded production tubing
required with. prior art gas 1lift valve -mandr;ls is
.eliminated. The mandrels may be readily reused. 1If the

spacing of the mandrels and gas lift valves needs



-12- changing, the mandrels are quickly renoved and reinstalled at

ot her locations along the length of the tubing. * -13- CLAIMS 1. A
mandrel for mounting a flow control valve on a tubing string copgprising: 5
a plurality of mandrel body sections each conprising an ar cuaté’%egrrent
adapted to be secured together in end-to-end circunferential array on the -
tubing to formsaid nandrel circunscribing the tubing; the body sections
formng a | ongitudinal bore when secuyred together with the tubing passing

t hrough the bore; 10 - one of the body sections having nmeans for :
nount i ng tdirahgbngeont the ' vaamitdles comrahegalbykihe freneveant rghgval ve is
nmount abl e al ong a |line substantially parallel with the |ongitudinal axis of
the tubi ngresngitalilied dssoieenyl oeatsohsr alomyinthat Lengitdt weenthef | ow .
control valve on the nmandrel and the bore into a port fornmed in the tubing
openi ng totuBinghe passageway neans; and neans for sealing between the one
body section and the tubing to direct fluid comunication between the
passageway neans and-thé tubing port. 20 2. A nandrel in accordance with
claim1l where the neans for nmounting the flow control valve thereon

conpri ses neans for nounting a ' I R



gas lift valve in communication with said tubing string_through-—sard—++tid
passageway neans. 25 3: A mandrel in atcordance with claiml aor e
t he 'mandrel ineludes neans for renovably securing said nﬁ“ﬂ]ﬁﬂ“m ‘Hﬂﬁgmd
t ubi ng. 4. \ mandrel in accordance with any of clains R8I

means for nounting a gas lift valve on I d mandrel in comrunication with
said 30 fluid passageway neans and nmeahS for nounting said nandrel on a
reel ed [efl]l,aaC L M S * -14- tubing with said fluid passageway
means openi Ssaid reel ed tubi ng. 5. A mandrel in accordance with
any of clainms 1 to 4 wherein the body sections are provided with internal
slip teeth around the bore for 5 engaging the outer surface of the tubing
string. 6. 1A MAdhfindrél ﬁﬁcm&%ﬁﬁg Yifldw abhtedl wilvé Bn & wbidy Yhmgi n the
mandr el body sections conprise a valfve adapter and a clanp, sald neans for
seal i ng sai obmnpﬁsingor_ nounting said val ve, and sai d passageway - 10 ' neans
being forned in said adapter. 7. A mandrel in accordance with claimb6
wher ei n Bhe adapt@pluradity rof mandrelabedy) sectiorsicagh Komprising @n arguaiag t he

d dth I h d t.he.tubi . .8. drel i
AP WET AT IR 2 L
an 01109, 9'GPHR hibinSoIAFmDRHN AP URLARLIAP Y Higingassagenay means

into the bore and an ring posrtione _
~ the body sections forming a longitudinal bore when secured together

with the tubing passing through the bore;
10 one of the body sections having means for mounting the flow
control valve thereon, whereby the flow control valve is mountable along
a line substantially parallel with the longitudinal axis of the tubing; and
fluid passageway means fbr communication between a flow control valve
on the mandrel and the bore into a port formed in the tubing opening to
15 the passageway means; and
- means for sealing between the one body séction and the tubing to
direct fluid communication between the passageway means and the tubing

port..

W, 20 2. A mandrel in accordance with claim 1 where the means for
mounting the flow control valve thereon comprises means for mounting a
gas lift valve in communication with said tubing string through said fluid

passageway means.

25 3. ‘A mandrel in accordance with claim 1 or 2 where the mandrel

includes means for removably securing said mandrel on a reeled tubing.

4. . A mandrel in accordance with any of claims 1 to 3 including means
for mounting a gas lift valve on said mandrel in communication with said

30 fluid passageway means and means for mounting said mandrel on a reeled



20'9. A mandrel in accordance with clmh‘e_m're—body section

i ncl udes an internally threaded pipe pl uﬁ’"ﬂlﬁ mﬂ o the fluid
passageway neans for drilling the port ﬂ“ ‘ﬂ t he rfa_r}drel s
mount ed on the tubing and a threaded pipe *pl 4g torwc I«lg the pr'pe plug 25
hole after the mandrel is nounted on the tubing and the port is fornmed in
the tubing. 10. A nandrel in accorddfice with claim8 or 9 where the Oring.

groove |s JrcuL r and of uniformcross sectjon. 30 err] -15- 11. A
mandr el itH la'scw asm?lmd PassageEmayOmaaRs epeniaganto ﬁ@‘dgﬁe§1ﬁ¢el“bé“&q [led into
the one body section bore surface on a longitudinal axis of the bore. 5
12. A method of mounting a valve mandrel as claimed in any of claims 1 to

11 tqub e tubing
o T it ARG 1iCacc AR Wit Anf IGEHAIAL Y B 4 BErh e (000
| ongi t udibodly sectionsrarehprovided witteinierfdl yip edthearbiind! tﬁ&%étédféia| axis of

the tubing and intersecting the first mark; inscribing a third mark on the
t ubi Ny oengagingethenouter sur celoftthenmbmgmtrmge first mark equal to the

di stance along the mandrel fromthe end edge of the mandrel to .an opening
in the mandrel bore surface to passage means ‘i n- the mandrel ‘to a val ve

mount ed the ][]ﬁgﬂ@(%'l mlz'i:’ccordance ﬂll Ln)r']%fa clgfrt It h\?vl;[elfltt%)iltlnal at the

third mar
mandrel body sections comprise a valve adapter and a clamp,' said means

for sealing said means for mounting said valve, and said passageway

10  means being formed in said adapter. S : o W
7. . A mandrel in accordance with claim 6 wherein the -adapt'er and the -
clamp are provided with means for holding the adapter and the clamp -

together around the tubing.

15
8 . A manéi’_r_cl in.accordance with any of ‘claims 1 .t0'7 ‘where the
means for sealing comprifses. an O-ring groove in the one body section
around the fluid passageway means into the bore and‘an O-ring positioned
in the groove. .
9. - A mandrel in accOrdance with claim 8 where tﬁe one body section

includes an internally threaded pipe plug hole opening into the fluid
passageway means for drilling the port in the tﬁbing when the mandrel is
mounted on the tubing and a threaded pipe plug for closing the pipe plug

25  hole after the mandrel is mounted on the tubmg and the port is formed in
the tubing. ' ‘ :

10. A mandrel in accordance with claim 8 or 9 where the O-ring
groove is circular and of uniform cross section.
30



%

communi cation through the opening in the mandrel and-the—port—im the fubing

into the bore of the tubing; 'inscribing a fourth mark of

t he mandr el al jjgned with the mandrel opening into the‘@ﬂ“@“ﬂ‘ﬂ“ﬂfﬂgﬂu
positioning the mandrel on the tubing with the fourth e end edge
of the mandrel aligned with 'the intersegti on of the:second |ongitudinal
line on the tubing with the first |lateralf” mark on the tubing; positioning

seal neans bﬁ]weeght he ndrel bore surface_and_the tubi n& surface around
the openi ng thto fhanandsel in aggondanes, avith glaimy 10hers theaQaring graovee

t ubi ng surfage, . . ring £ he mandrel on t tubing sufficient|ly.tightly
to effect a ﬁo@fﬁ%@géﬁf' %&ms%%ﬂfﬁ §?’§%°Pr?eﬁ{ﬂ¥b§“ﬂ&!a‘f§.'s %ﬁ met hod
of mounting gheVgpee Mandrel as claimed in claiml on a 30 tubing, said
mandr el having nmeans for nmounting a val ve thereon, passage -16- means

t hrough the mandrel fromthe valve to a first opening in.the mandrel into
the bore of the mandrel and a second opening fromthe outside surface of

t he mandbel 12t o0 Anmethosbafjmounting a valveanandret as clhimedani apyrafi¢laishs h t he

openi ng fronLt he passaq(;iyl .means ipnto the bore of the 5 mandrel, the nethod
conprising t éosltle%ao 01IRg COMMPIRZie mandrel on the tubing with the tubing

ext o 10 1T 0u0" . ABRE £ b ATk S B B S e SR
bet ween ¢ he ok mndb o B bing: appl vihg a f1uid pressure inte the
first opening in inseribbylasecond longitudinal line on the tubing parallel with the
- 10 longitudinal axis of the tubing and intersecting the first mark;
inscribing a third mark on-the tubing on the second line a distance
from the first mark equal to the distance along the mandrel from the end
edge of the mandrel to an opening in the mandrel bore surface to passage
means in the mandrel to a valve mounted on the mandrel; :
15 drilling a port in the tubing at the third ‘mark for fluid
communication through the opening in the mandrel and the port in the
tubing into the bore of the tubing;
inscribing a fourth mark on the end edge of the mandrel aligned
with the mandrel opening into the mandrel bore;
s 20 positioning the mandrel on the tubing with the fourth mark on the
end edge of the mandrei aligned with the intersection of the second
longitudinal line on the tubing with the first lateral mark on the tubing;
" positioning seal means between the mandrel bore surface and the -
tubing surface aroimd the opening into the mandrel while positioning the
25 mandrel on the tubing surface; and _
securing the mandrel on the tubing sufficiently tightly to effect a

positive seal between the mandrel and the tubing.

13. A method of mounting a valve mandrel as claimed in claim 1 on a

30 tubing, said mandrel having means for mounting a valve thereon, passage



formng a port in the-tubing through the second opening into the mandr el :
into the first opening in the nmandrel toJmﬂlum igpti on- fromthe
passage neans in the mandrel between a vdll rnmq“ﬂﬁe 15 Agandrel and
the port into the tubing; and closing the second opentng- into the mandrel : -
- 14. The nethod of claim 13 including the step of nounting a valve on the
mandrel to control flow between thel@utside of the tubing string 20

t hrough the mandrel and the bore of the tubing. 15. A nethod in accordance
wi th cl aneans3through the: mandrehdronc trel vabemitaga i fixso ogeningiridrthe i s an

I nt ernal | hy eaded, hql e al jgned with the first gpening into the mandrel
into thdl 'Gi épt%éh%%?f& ?b%%é'ﬂﬂf{fehﬁmdoﬁeﬁpﬁ | opeping, drominthes| i s cl osed
with at | RE. Ak : . n fo ' ' s Jift valve on-
a reel emgﬁgggr@mg%ﬂa&%%I'@PaﬁF?éfg%q‘genﬁ'ﬁgﬁgp‘; H%yﬁgg%dlows each
conpri si r tHBe S FRdth ; _ . in

end-t o-en n@ﬁ@uﬁ%r‘?ﬁtral@ray tﬁgﬁﬁk%ke}_ﬂle?ﬁs Z%%@#@ﬁ?ﬁ; tubing to
f or n§ saimandrel{rthe methodeompiising thestépsofi geciring dinmaddrdl sty theect i ons

having a | ongitudinal bore when secured together on the tubing, the tubing
passi ng tubinguwyitht the tubing extendirig tltre_ughcthegm iofrthe imaridrdl;ng neans for

mounting a gas |Iift 5 _valve.,along a _line substantially parallel with the
| ongi t udi nal eopsly positioningzseal %ﬁemﬂsmﬁoﬂ‘aﬂafﬁlf I i ft gas
- froma | f € t [ i re through the nmandrel
body, + ALTTack dngt thel SuFRLE. BF the Bk oPblnd tie SHSF dbaiif i € anc
mandrel; -~ L L . e :
10 pressure testing the seal means between the mandrel and the tubing '~ o/

by applying a fluid pressure into the first opening in the mandrel; -
.forming a port in the tubing through the second opening into the
mandrel into the first opening in the mandrel to provide communication
from the passage means in the mandrel between a valve mounted on the -
15 mandrel and the port into the tubing; and | |

~ closing the second opening into the mandrel. -

14. - The method of claim 13 including the step of mountihg'a valve on
the mandrel to control flow between the outside of the tubing string o
20  through the mandrel and the bore of the tubing. = = o o/

15. A method in accordance with claim 13 or 14 wherein the second
openitig_ into the mandrel is an internally threaded hole aligned with the
first opening into.the ‘mandrel into the mandrel b0r¢ and the second -

25 opening into the mandrel is closed with a threaded pipe plug.

16. A mandrel for mounting a gas lift valve on a reeled tubing -
comprising: o |
- a plurality of mandrel body sections each c’onjprising"- an arcuate

30 segment adapted to be secured together in end-to-end circumferential array



‘reans for sealing between the one body section and the tubing to 10 direct
fluid communi cati on between "t he passage nmeans and the p W Hﬂummel
in accordance with claim 16 where the neans for seali ngnm“H L“ i ng
groove machiried uniformMy into the inside surface of the*one Hody séctfon
around the passage neans into the bore of the 15 mandrel body and an
Oring disposed in the groove to ef fecl’x positive seal between the one

body section and the surface of the tubing around;the passage nmeans opening
to the portonthe febingttiorforiti8aid mandrel cistcumscaibing thetubing: h clai m 17

e body. sect 1 ontheciuparel Hoal RS Baviice fanabtydfd 028 ine SBsA " he
the body section: : _ : . . . t he
w th-ol ai m EESRierSh W RBIAE, B fbibd Bassift Mroukh merbafRIT U1 | 1 2G0T LTS

from an outer SUbhgt e By SRARA) incliding feiNRroioRAAGQE gAF HFP 2! | oncd

with the passage neans to ongi tudi nal "bore for formn e port in the

t ubing &t evalvbe:lon%ldrﬁhe isabstantialiy paralidiewithbthedongitudinal prispofighé or
closing the internally threaded hole after formng the port and pressure
testing thetubing, and passagewneanshforndlownfy liflegas fromna gaselifipialee + C

11 oo O i By
t ubi ng 5 f@%@?’%@'ﬁggﬁggb&@@nﬁfﬁ% ﬁ‘ﬂ%ﬁ%’ 3“4 he body 'be!orig provi ded

with a means for sealing between the one body section and the tubing to

w10 direct_ fluid communication between the passage means and the port.
17. .- A mandrel in accordance with claim 16 where the means for sealing
comprises an O-ring groove machined uniformly into the inside surface of
the one body section around the passage means into the bore of the
15 mandrel body and an O-ring disposed in the groove to effect a positive
seal between the one body section and the surface of the tubing around the

passage means opening to the port in the tubing.

18. A mandrel in accordance with claim 17 wherein the one body
\_ 20 section comprises a valve adapter and another of the body sections
comprises a clamp securable to the adapter around the tubing for mounting

the adapter on the tubing.

19. A mandrel in accordance with claim 18 wherein the adapter
25 includes an internally threaded hole from an outer surface of the mandrel -
into the mandrel passage means aligned with the passage means to the
longitudinal.bore_fdr forming the port in the tubing after the mandrel is
mounted on the tubing and a pipe plug for closing the internally threaded
 hole after forming the port and pressure testing the seal means between the
30 body section and the tubing. .. .



| ongi tudi nal bore when the adapter and ctamp are secured together on the

t ubi ng, the tubing passing through the bojgyg Rei ng provi ded ,
with means for nounting the gas lift val vH“‘“lg‘m?mmmnumal ongwa | i ne
substantially parallel with the |ongitudina Lax! s Sof *t he tubing, .
‘passage neans for flow of Iift gas fromthe gas |lift valve to an openi ng of
t he passage neans into the bore for-k8-owto lift gas fromthe gas |ift

val ve through the passage neans into the bore to a port formed in the

tubi ng, @0.0 rAngnagideel fohamiongtinguai gay lift rvalse sewta areled tabingn t he
surface of the adapter defining the adapter portion of the 15 bore around
t he openicognprisinge passage neans into the bore, and holes for securing

end o { | ons ch MaRarekaRshe formed by e et e Sibmetling 368 ValiEanti ng
bet ween t heq ad fhe. . fenk BEE ing ; 20
an O 11 ngICHBCABIEE a1 Giafiyf oo HiBDARNdAPICY 4000 the thbingy 10 |
posi t kve ﬁ}[g/vﬁ@ N A D6t e gl e bodyrBeingoproviddd witleai ng of the
' passage _rrfeégg*so;lan_o th‘e"ag@r‘.‘g%\%hpg? %‘ﬂsemg’dlgg% tgr‘balys S’l;egur edlon t he t.u,bigng; t he
cl anp havongitidinab bbrs whini the ladapter atidrclampratelsecared togptherdn theati on in

alignment wth the holes iin-the adapter for the securing neans 25 between
t he adapttubingdhe tubingpassing throngh thedares sized to fit in the holes in the

b
aapLer 20 NGt et Rt BRSANE) 550 i PGl SR P, °00
1 L4512 (AR g 5 RS bR Kngitile <l o
to engageni$ef theltdbidg, passage means for flow of lift gas from the gas lift - W/
valve to an opening of the passage means into the bore for flow to lift gas
from the gas jift valve through the passage means into-the bore to a port
formed in the tubing;_aﬁ' O-ring groove having a uhifbri_'n cross section
formed in the surfacé‘-pf the adapter ‘defining the a;Iagter portion of the
15 bore around the openiipg pf the passage means into th¢-b_0re,' and holes for
securing means .in'loﬁgitudinal and laterally spaced relation for securing ™
opposite end portions.of the adapter with the clamp by securing "mean's o
extending between the adapter and the clamp along -opposite sides of the
tubing; .
20 an O-ring sized to fit in"the O-ring groove in the ad'aptér to effect RV
a positive seal between the adapter and the tubing around the openihg' of
the passage means into the bore when the adapter is secured on the tubing; -
the clamp having holes formed in longitudinal and lateral spaced
relation in alignment with the holes in the adapter for the securing means
25  between the adapter and the clamp; o
‘securing. means sized to fit in the holes in the ad#pter--aﬂd'-t‘he clamp
to extend bc(ween the adapter dnd the clamp to secure the adapter and -
clamp together on the tubing to form the mandrel body on the tubing; and
internal slip teeth formed in the adapter and the clamp around the = -
30 bore of the body when the mandrel is mounted on the fubing'to‘ engage the



v

"£19- tubi ng surface for holding the mandrel in place on-the tubhing. 21. A

mandrel” in accordance with tlaim20:wherein:the holes in the adapter are

cap screw halges, the holes in the clanp are internall y_ttu m,mumm
hol es, - and the securi ng nmeans between the adapter and cl &% _ Mpad
cap screws. 22. A mandrel in accordan@a with claimz20 wherein the adapter

is provided with a hole fromthe outer “surface of the adapter into the
passage 10 ans i.n the adapter in alignrent w th.the opening of the
passage nedH 14&?W¥%P%d ding the mang 'Bhpﬁa&f" qit the 'i"lﬁ’b‘f')g'he port in the

t ubi ng through the passage neans in the adapter when the adapter is nounted
on the tubing, and neans for closing the hole into the adapter after the

port is:-forzed iA iaRdidldnsecotdarnce with R 20 wherdhf thé! Bk # the cl ai m 22

where the hole in the adapter into the passage nmeans is an internally

t hreaded piglapmrugetapsceew hioles, theholdsdn the clamp aré intemially threadéd eaded

pi pe plug. 20- 24. A nandrel in accordance with claim23 wherein the holes
i n the adapceewdales,aqnds the-sequsing means besween ithe adapter and clamp areer nal | y

t hreaded screw hpl es, and the securing neans between the adapter and cl anp
are socket ‘ngﬁt @?ﬁf‘sgﬂ? EHEWSH5 25 - A mandrel in accordance with claim1
in conbination with a gas |lift valve nounted on said nandrel communicating
with said fluid passageway neans. 26. A nandrel in accordance with claim1l

in conbi natan VAt hanffelSth atBordafiee GPith ¢18ith €20 twhéreth thé iddapter is
provided with a hole from the outer surface of the adapter into the passage
s 10 meané in the adapter in alignment with the openiﬁg of the passage means
into the adapter bore portion for drilling the port in the tubing through the
passage means in the adapter when the adapter is mounted on the tubing,
and means for closing the hole into the adapter after the port is formed in
the tubing.

15 e :
23. A mandrel in accordance with claim 22 where the hole in the.
adaéter into the passage means is an internally threaded pipe plug hole and

the means for closing the hole is a threaded pipe plug.

p 20 24, A mandrel in accordance with claim 23 wherein the holes in the
adapter are cap screw holes, the holes in the clamp are internally threaded
screw holes, and the securing means between the adapter and clamp are

socket head cap screws.

25 25. A mandrel in accordance with claim 1 in combination with a gas lift
valve mounted on said mandrel communicating with said fluid passageway

means.

26. A .mandrel in accordance with claim 1 in combination with and
30 mounted on a reeled tubing string.



-20- 27. A mandrel in accordance with cl ai ination wth and

nounted on a reeled tubing string. 28. ce)mth clalm
4 in conbination with and 5 nounted on a g%“mgmgﬂ edsgmn said
- mandrel conmunicating with said fluid passag na amd & reel ed tubing .
through said | ongitudinal bore, said apndrel bei ng secured with said reel ed

t ubi ng. _
27. A .mandre_l in accordance with claim 3 in' combination with and -

mounted on a reeled tubing string.

28. " A mandrel in accordance with claim 4 in combmatxon wnth and
5 mounted on a gas lift valve mounted on said mandrel commumcatmg thh
said fluid passageway means and a reeled tubing through said Iongitudinal -

bore, said mandrel being secured with said reeled tubing.



