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RUNNI NG TOOL FOR ‘USE W TH REELED TUBI NG AND METHOD OF OPERATI NG SAME Thi s
invention relates to a runni-ng tool and nethod of operating sane and nore
bartlcularly to such a tgol and met hod:which can be used with reel ed tubing
in a\‘gmnhole wel | environnment. Downhol e well operating tools are often
used ™n conpleted wells for perform ng several functions such-as
controlling or preventing the flow of fluid through tfﬂaj%%ifbore

Typically these tools are connected to a | ocki ng mandrel Eﬂ&mij t hem
in place relative to a landing nipple, or the like, disposed in the
wel | bore, and the | ocking nandrel is connected to and actuated by a running
tool. The running tool, wth the |ocking-zmandrel and operating tool
attached, is | owered into the wel | bore -2- until the | ocking mandrel
locates and is | ocked in the | anding nipple. However, these type of
arrangenments are conpligated due to the various noving parts and separate
functions required tC)<§HNNINGI?QQ@rﬁpﬁnﬁﬁﬁeﬂITHﬂEﬁEREDITgBINGnipple | ock
sane and then secure sane. Also, they often require arrlng action to
actuate the |ocking mandrel ANPcMETHOD OF; OPER BY¥Eand causes wear on
t he

This invention relates to a running tool gnd method

of operating same and more particularly to such a tool

W, | and method which can .be used with reeled tubing in a
ldownhole well envirohment.

Downhole well operating'tools are often used in
completed wells for performing several functions Such as
COntrolling or prevehting the flow of fluid through the
wellbore. Typically these tools are connected to a
locking mandrel for locking them in place relative to a
landing nipple, or the like, disposed in the wellbore,
and the locking mandrel is connected to and actuated by a
running tool. “ The running tool, with the loéking mandrel

and operating tool attached, is lowered into the wellbore



~

gonponents. This conplexity woul d be conpounded in connection with the use
of coiled, or reeled, tubing which-enables fluids such as water, nitrogen, -
di esel fuel, corrosion inhibitor, foamacid, etc. to be introduced intb'ghe ‘
wel | bore, as disclosed for exanple in U S Patent ‘No. 4,793,417. In thege
situations, it would be extrenely difficulta_if not inpossible, to operate
the | ocki ng mandrel by correspondi ng novenent of the reeled tubing due to

t he added wei ght and decreased maneuverability of the reeled tubing. Al so,
the well bore fluid acting on the outer surface of the reeled tubing tends

to coll apse angneigakhe 1beking Randrel- JocAted dnd il 1Mk kY the

present invention, there is provided a running tool -for actuating a 1 ocking
devi ce and conpanding aipplér.el assenbly having 5 a bore and a cavity or
chanmber registering with said bore, neans for connecting said assenbly to
sai d | ocki ng devi ceHawévea ,r thlese typengff arriangenéntisn @y eonpld ddued

into said bore, and neans for selectively directing said fluid fromsaid
bore to said c@Wet foothehxerdousomoxning palriis \andl Gepavatal fiinydiaranent of
respective portions of  the mandrel _assenbly in response to a predeterm ned
pressure in saFgguired to set the locking mandrel relative to the
nipple, lock same_and then secure same. Also, théy often
require jarring action to actuate the locking mandrel
‘which itself is complicated and causes wear on the | “
components. | | | |
| This complexity would'beicompounded in connection
with the use of coiled, or reeled, tubing which enables
fluids such as water; nitrogen.'diesel fuel, corrosion
inhibitor, foam acid, etc. to be introduced into the
‘wellbore, as disclosed for example in U.S. Patent No.
4,793,417. In these'situations, it would be extremely
difficult, if not impossible,,to operate ﬁhe locking
mandrel by corresponding movement of the reeled tubing due
to the added weight and decreaéed maneuverability of the |
reeled tubing. 'Also( the wellbore £1luid acting on the

outer surface of the reeled tubing tends to collapse and

disable the tubing.



cavity or chanber to actuate the |ocking device. Wth these and ot her
preferred features it is possibple to provide a running tool which can be
gtilised 15 with reeled tubing and which can reduce the risk of such
_tubingﬂcollapsing. According to another of its aspects, the invention
provi des a nmethod of actuating a |ocking device in a well bore-conprising
the steps of introducing fluid 20 into agbore in a mandrel assenbly
connected to the | ocking device, selectively directing said fluid to a

cavity or chanber fornesctsrahagnesdonk aspeskl prattler peesbati Ng W th said
bore, and expandi ng said mandrel assenbly axially in response to a

pr edet er m neditvemtipnestheret ds2providedateruhaihgcitond deri aetuating The
above brief description, as well " as further objects, features and
advant ages ofatheclkingedevigecanionomprisiogner mahdire) assesblyt baviing
reference_to the follow ng detailed description of the presently preferred
but nonethel &3sPP¥e 3R 2| GRVEFBoRFnEhARbRE Regdsterdagwwikht said boxe,

i nventi on when takeP in-conéggition wi_.t h the acconpanyi_ng draw ngs wherein:

FIGS. 1A and B%73F e PHngPPo PosgatropgeelPiNs tor SpRE LORIFLRG OSMLCS the

present invquﬁgntomééglgﬁc%ﬁégng for introducing pressure fluid into
| said bore, and meané fbr selectively directing said fluid
from said bore to said cavity or chamber to cause relative
"\ 10- axial displacement of respective portions of the mandrel
assembly in response to a predefermined pressure in said
':cavity or chamber to actuafe tﬁe 1ockihg dévice.
With these and othér preferred features it is
possible to provide a running tool which can be utilised
15 'with reeled tubing and which can reduce the iisk of such
tubing collapsing. |
' Accord;ng to énother of its aspects, the.
invention provides a method of actuating a locking ae§ice
in a wellbore Combrising the steps of introducing fluid
20 into a bore in a mandrel assembly connected.to the locking
device, seléctively difeCting said flui& to a cavity or
chamber formed in the méndrel assembly and registering
'with said bore, and expanding said handrel_assembly
axiélly in‘fesponse to a predetermined.fluid pressure to

- 25 actuate the locking device.



bei ng an downward continuation of FIG 1A; FIGS. 2-5 are transverse
_sectional views taken along the li-nes 2-2 through 5-5, respectively, of ,
FIG 1A, FIGS. 6A-6F are elevational views depicting a series of associ ted”
conponents connected between the end of a section” of reeled tubing and«t he
running tool of FIGS 1-5, wth FIG 6B beigyg a downward conti nuation of
FIG 6A, FIG 6C being a downward continuation of FIG 6B, FIG 6D being a
downward continuation of FIG 6C, FIG 6E being a downward continuation of
FIG 6D and FIG 6F being a downward continuation of FIG 6E; FIG 7 is
a longitudinal sectional view of the energency disconnect device of FIG
6A; FIGS. 8A and 8B are views simlar to FIGS. 1A and 1B, respectively, but
showi ng the | atching operation of -the running tool of the present

i nvention; and FIGS. 9A and 9B are views simlar to FIG 1A and 1B,
respectively, but show ng the position of the running tool of the present

I nvention after the latching operation is conpleted. The running tool of
the present invention is depicted in FIGS. 1A and 1B of the dramﬁngs and

|cludes an | ner TRRg: ehoda ek, BUBRak G S benl) |1 LIS
objects, features and advantages of the present invention
will be more fully appreciated by reference to the
following detailed description of the presently preferred .;)
but nonetneless illustrative embodiments in accordance |
with the present invention when taken in conjunCtion'with
. the accompanying drawings wherein: '

FIGS. 1A and 1B are longitudinal sectional views of
the running tool of the present invention, with FIG. 1B
being an downward continuation of FIG. 1A;

FIGS. 2-5 are transverse _sectional views taken alongi
the lines 2-2 through 5-5, respectively; of FIG. 1A;

FIGS 6A-6F are elevational views depicting a series
of associated components connected between the end of a
section of reeled tubing and the running tool of FIGS.

1-5, with FIG. 6B being a.downward continuation of FIG.
6A, FIG. 6C being a downward continuation of FIG. 6B, FIG.
6D being a downward continuation of FIG. 6C, FIG. 6E being
a downward continuation of FIG. 6D and FIG. GF-being a

downward continuation of FIG. 6E;



having a first reduced diameter portion 12a formed at it upper end which
defines a shoul der 12b. The.nmandrel portioen 12a is sized to extend wthin a
gcorrespondlngly forned end portion of -a crossover 14 which is connected to
a stying of other conponents as will be discussed. The outer surface of the
nandr | portion 12a and the inner bore of th®—rossover 14 are threaded to
enabl e the mandrel portion to be inserted into the end of the crossover in
a tel escoping, coaxial relationship and secured thereto in a conventi onal
manner . -6- The inner mandrel 12 has a reduced di anmeter portion 12c
formed at is |ower enBl@nd7adsiat é@%ﬂt&@@ibd%@@ﬁlmﬂ&hﬁYbewpOfttbﬂ 12d

| ocated just above the nang ortion c and form ng a shoul der. 12e. Six

radial |y extendi f*P3EREHe 1599€n§SECQEVhFeGGfd%ﬁ?ee hterval s, extend
t hrough t he mandrel ust bel ow. t he shou der
in FIGS. 1 and 2, siX %ﬁ% Igésaiﬁgylgﬁﬁcﬁﬁmé a%0t32€¥g§ hge?valég'
are formed in th a f a 18
~and an Oring 1993£gé§%£%g% 98 g %@Q@% d |§ }ggééiﬁgvéégFgﬁiég $ﬁ'#ﬁg '
outer surface of ﬁﬁﬁ ”@661 d - s RQU T of the bore of
the mandrel 12 is ent ged toafoFﬁgapg% ﬁ+82$ﬁ%gﬁg%§$' 418
FIGS. 9A and 9B are views similar to FIG. 1A and 1B,
' respectively, but showing the position of the running tool
of the present invention after the latching operation is

 completed.

The running tool of the presenf-invention is depiéted
.in FIGS. 1A and 1B of-fhe_drawings, aﬁd includes an inner
mandrel assembly shown. in general, by the reference
numeral 10. The assembly 10 includes an inner mandrel 12
‘having a first reduced diameter portion 12a formed at it
- upper end which defines a shoulder 12b. The mandrel
portion 12a is sized to extend within a corréspondipgly
W, | - formed end portion of a crossover 14 which is connected to
a string of other components as will.be discussed. The
outer surface of the mandrel portion 12a and the inner
bore of the crossover 14 are threaded to enabie the
mandrel portion to be inserted into the end of the
crossover in a telescoping, coaxial relationship and

secured thereto in a conventional manner.



receiving a ball valve 20. The functions of the shoulders 12e and 12h, the
passage 12f, the slots 12g, the snap ring. 18, the-Oring 19 and the ball _
valve 20 will be described later. The inner mandrel assenbly 10 also - | -
includes a core 24 connected to its |ower end portion. The core 24 hashgs
neck portion 24a forned at-its upper. end wé—<ch extends over 'the reduced

di ameter portion 12c of the mandrel 12 and is in threaded engagenent
therewith. A retaining screw 28 extends through the neck portion 24a and

into a slot formed in the outer surface of the mandrel portion 12c to

secure the-latter cBheetnnen mandrgl A2phssoa neduaefydlemerecnpertion the
outer surface of the inner mandrel assenbly 10 and includes a tubul ar sub

32 connected t32@ £pEmed au. ishiowgks endhaBd;aB: dpsegmediatfareducedce

defining a shoy] der 32a which, in.the position of FIG 1A is _spaced a
rel atively shda%aB?E?EnE@rFF8ﬂ1Pﬁ€ 2ﬂ88F8§r3¥§5 6P°Yﬁet#ﬁnﬂﬁgﬁr§ to define

U RIER T LI, PR T L L N o R R R
filled with of ggpenhoha’ 8330550192, ©XphaEACY: BoUbBgYEe TheblvaLQY ded 1N
extend through the mandrel portion 12¢ just below the
shoulder 12e and, as shown in FIGS. 1 and 2..sixfequélizer
slots 12g.-spaced-at 60 degree intervals, are formed in QJ
the outer surface of the mandrel portion 12c.

A snap ring 18 and an O-ring 19 are respectively
proQided in two grooves'fofmed in the outersurface of fhe
mandrel 12, and the lower end-portion'of the bqre of the
mandrel 12 is enlarged to form a shoulder 12h for
‘receiving a ball valve 20.
| The functions of the shoulders 12e and 12h, the
passage 12f, the.slots 12g, the snap ring 18, the o-ring
19 and the ball valve 20 will be described later.

The innei mandrel assembly 10 also ihcludes a core 24 ¥J
connécted.to its lower end portion. The core 24 has a
neck portion 24a formed at its hpper end which extends
‘over the reduced diameter portion 12c of the mandrel 12
and is in threaded engagement therewith. A retaining
screw 28 extends through the neck portion 24a and into a

slot formed in the outer surface of the mandrel portion

12c to secure the latter connection.
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sub 32 for receiving the snap ring 18 under conditions that will be
described. As shown in FIGS, 1A and 3, three circunferentially spaced shear
wpi ns™40, angul arly spaced at 120 degree intervals, extend through
correspondi ng radial openings in the sub 32 and into a circular, slot
formd in the outer surface-of the mandrel pofTion 12a. The shear pins 40
function to normally restrain axial novenent. of the piston assenbly 30
relative to the mandrel assenbly 10. The upper portion of the piston 34 has
a reduced dianeter portiqn 34a which _receives the |ower end portion of the

sub 32 in a tel escopi Ay BN ASSAMPIYASOs RFMENCT OVES. the aNger surface

[ nf tiall d_sh [ 42, d.at 6Q d I nt | 3,
extend through  OF BRES Aakiek’ maRdi B aseBRRIS 11 apa HpRIEeR) 2 eLBRIATo
th b 32 dt I f [ 34t | t rai
(e 520N ey LR 0 LIS Sl 8 b

and 42 are-identiica € cHrkase ' 594 I v a greater
shear stress capé@%%§nkﬁa$§%%ﬁ o?k¥ﬁgat_rééggﬁgggkgi%?xﬁgﬁéghfhgb ?ﬁ%
latter will sheapdaqhdon 0¥ FI@.MA 23 sVispaced deTeraRddel N enbrReHiSHahdee
of the piston 34°is stepped as :

from the shoulder 12b of the mandrel 12 to define a cavity

36; A plug, or a set screw, 38 extends through a radial

| opening in the sub 32 in communication with the cavity 36
to permit the cavity to be filled-with grease for.reasons
to be explained. |

'A_groove_32b is provided in the inner surface of the
sub 32 for receiving the snap ring 18 under conditions
that will be described,.

As shown in FIGS. 1A and 3, three circumferentially |
spaced shear pins 40, Angularly spaced at 120 degree
intervals, extend through cdrresponding radial openings in
the sub 32 and into'a circular slot formed in the outer

L , _' sutfaée of fhe mandrei portion 12a. The shear pins 40
function to normally restrain axial movemént of the piston
. assembly 30 relative to the mandrel assembly 10.

The upper portion of -the piston 34 has a reduced
diameter portion 34a which receives the lower end portion
of the sub 32 in a telescoping relationship. As shown in
FIGs. 1A and 4, six cifcumferentially spaced shear pins

42, spaced at 60 degree inte:vals. extend through



shown to define a shoul der 34b which is located in a facing, slightly
spaced, relationship to the shoul der 12e. of the mandrel 12 to define a
cavity 46 which registers with the passages 12f of the mandrel 12 for -
reasons to be described. The | ower end portion 34c of the piston 34 i gt a
reduced dianeter to forma shoul der 34d andgan Oring 48 extends in a
groove found in the inner surface of the piston. As shown in FIGS. 1A and
5, two lugs 34e, angularly spaced 180 degrees, extend through corresponding
openings formed in the piston portion 34c. The lugs 34e are radially :
nmovabl e i n thealigned) dadieicoperd g e arhe dowe mrersh ot t iord-|d3S. tHe\ and
5 and a retracted position that will be described. A |ocking nandrel
assenbly is shewb 32 gadrthe end Ipontsian G ofuthepiomt itel udes a’
fishing neck 52  having an enlarged end portion 52a defining an internal
shoul der whi ch normediliyhinestapisyaKIRL (MAVEngRt Nk the (PSR 1Ml Suiveheo
end of the fishing neck 52 is lqgcated in a,slightl spaced r%é%ﬁipnship to
the shoul der 34deSube Sincs the shRan RS Qasé'éé?‘rﬁ;%/ age 3d8ntir2ldes an

Fho T shi ng’ neabess P SHARe R 1 Gblectivety hadt ™ Gdafl 'utdar?®
streSs capacity than that of the three shear pins 40 so
that the latter will shear before the former as will be
described. ' : ' i)
The inner surface of the piston 34 is stepped as
‘shown to define a shoulder{34b which is loéated in a
facing, slightly spéced.:felationship_tO'tﬁé shoulder 12e
of the mandrel 12 to define a cavity.4é which registers
with the passages 12f of the mandrel 12 for reasons to be
‘described.
- The lower end portion 34c of the piston 34 is of a
reduced diameter to form a shoulder 34d and an O-ring 48
~ extends in a groove found in the inner surface of the
- piston. As shown in FIGS. 1A and 5, two lugs 34e, : -
anqularly spaced 180 degrees, extend through corresponding
opeﬁings formed in the piston portion 34c. The lugs 34e
.are radially movable in the opening between the extended
position shown in FIGS. 1A and S and a retracted position
" that will be described. - | |
A locking mandrel assembiy'is shown in_general by the

reference numeral 50, and includes a fishing neck 52



the core 24 for slidable novenment relative thereto. The |lower portion of
the expander sleeve 56 extends wi thin the upper end portion of a key
tetaimer sleeve 58 al so extendlng over .the core 24. Three | ocking keys 60
(two: of which are shown in-FIG 1B) are angularly spaced at 120 degree
|nteFVaIs and extend in correspondi ng openin8s forned in the key retainer
sl eeve 58. it being understood that three | eaf springs (not shown) are
provi ded between the sleeve 58 and the expander sleeve 56. Each |eaf spring
I's bent so that its upper portion extends radially in a slot (not shown
formed in the sl fAavimB aheEnlargedusnd ppifoian ok a defining an n@bﬁﬁh‘-‘faa
correspondlng key .60. . The | ower end of the sl eeve 56 normally en es_the

bﬁnt ]E)ort i onﬁ o:‘ scbrlj?é‘llckeﬁ whiGh, gls nprmatl Yrrﬁ/‘%ﬁ RY tHhe piug ohnkhe
51 dabi e roverenERTeah il o Ane SndghEie §1 SHRE S 1&%256%‘) et ine
Catvar dly into s ﬁ%‘é} gl e 1 €50l S SRt

a wel | bore as mné% £71bed. Since the |ocking mandrel 50 and its | eaf
springs are conv tlonal and are nore specifically described in U S. Patent

No. 3,208,531, assignefhd %éﬂ&éﬁ%@é&ﬂﬁeﬁ) ag14d'includes an expander
sleeve 56 in threaded engagement with the lower end
portion 52b of the f1sh1ng neck 52 in and extending over
the core 24 for slidable movement relative thereto. The
lower portion of the expander sleeve 56 extends within the
‘upper end portion of a key retainer sleeve 58 also
extending over the core 24. Three locking keys 60 (two of
which are shown in FIG. 1B) are angularly spaced at 120
degree intervals, and éextend in corresponding openings
formed in the key retainer sleeve 58, it being understood
that'three leaf springs (not shown) are provided between
the sleeve 58 and the expander sleeve 56. Eaeh leaf

-/ spring is bent so that its upper portion extends radiaily,
in a slot (not shown) formed in the sleeve 58 and its
lower end portion extends underneath a corresponding key
60. The lower end of the sleeve 56 normally engages the
bent portions of the ieaf springs so that movement of the
piston 34, and therefore. the locklng mandrel SO,
downwardly causes a correepondlng slidable movement of the

sleeve 56 downwardly and cams the release sprlngs radially



‘present invention, they will not be described in any further detail. The

| ower end portion 58a of the sleeve 58 is threadedly connected to a mandrel
62 adapted to receive another conponent (not shown) such as a plug, a flow *
control device, or the like. A shear pin 64 extends through-correspohgﬁng
and aligned radial bores forned in the mandrel 62 and the core 24, '
respectively, to secure the two conponents-together. Thus, by |ocking the
mandrel 50 relative to a landing nipple in a manner to be described the
conmponent connected to the | ocking mandrel can be |ocated precisely in the

%’SL'VZC’{ ne rTL‘ﬁnﬁhS%?\%é‘i%'a#ﬁ%&?@?2%‘**%%"'#%&@%5 S e B SRIAIE ™,
nomeral 70 i PRAVAEELY SR8 TGRS pdaitith TELIve WE J TR,

emer gency di scqpeqe deistaa 164 Wi @ wiilllbdi@® s Willethd @escrddiad. | ater.

The centralizer has an enl arged portion 72a which closely corresponds to
the inner di amgiaceoithieqotkinonanir@l 86 dnd @t iedfd dprtiigd harg il ting

and bending of the reeled tubing 70 in the well bore, and thus protect the
ot her conponencenvenvidnl and raxe more specifically described in U.S.
Patent No. 3,206,531, assigned.tojthe same assignee as the
present invention, they wiil not be described in any
further detail. | B | o

The lower end portion 58a of the sleeve 58 is
threadedly connected to a'hahdrellsznadapted to receive
another component (not.shown)'such aé a.plﬁg;'a flow
.control device, or the like. A shear pin'64.extendé
through corresponding and aligned radial bo:es formed in
the mandrel 62 and the core 24, réspéctively. to secure
the two components together.' Thus, by locking the mandrel

50 relative to a'landihg nipple.ih'a manner to be
described the component connected to the locking méndrel
can be located precisely in the wellbore.

The crossover 14 is connected to a string of tools
extending above the running tool and depicted in FIG.
6A—-6F .

More particularly, the lower end portion of a section
of reeled tubing shown by the reference numeral 70 in
FIG. 6A is cpnnécted to one end of a centiglizer 72 by an

emergency disconneqf_device 74 which will be described in



One end of a knuckle-joint 76 (FIGS. 6A and 6B) is connected to the other
end of the centralizer 72 in order to enable that portion of the assenbly
ext endi ng bel ow the knuckle-joint 76 to bend relatively to that portion
ext endirng above the knuckl e-j oi nt. Thus the_assenbly can nore easily
travefse horizontal or deviated wells. As Shd%n in FIGS. 6B and 6C, the
upper end of an accelerator 78 is connected to the |ower end of the
knuckl e-joint 76 and functions to create spring forces to accelerate the
runni ng tool of sent inyention to_greate hj | oadi ng i n an

t he o
upwar dl 'y directﬁ@ﬁa&graﬁlﬁrbe cFﬁB@JaléFﬁ€e7?hbg§céélQP pEgeds Eﬁ&PPons
i ti 1 t d b rther det
wel ShfSSVE?eH’Sé%vé%%%e%%“&lg&%s%%eee 35, 18" Faenks BiedBbeFerd: shers
Lo ne upper entedipRrdy ddlehng] Hunflts 0% ol STnER REGY kY1%1b0° abiaCT cased
wei ght and mass necessary to create npact I"oad cussed

herein. - 12- pEnaingioiuiche rge1dd 't%b‘i%@‘ "Ti‘be(in' Rhl 9511690@5@0' Qﬁdagﬂus

functions in cooperation with the accel erator 78 and stem 80 to provi
high inpact |oagrogect dheuithedl Coftiponehitenbelol 2hel dehlteaTiRes!.

disclosed in our earlier

One end of a knuckle-;o1nt 76 (FIGS 62 and 68) is
_connected to the other end of the centralizer 72 in order
to enable that portion of ihe~assemb1y extending below the
knuckle-joint 76 to bend relatively to that portion o
extending above the kﬁucklerjoint. Thus the assembly can
more easily traverse horizontal or deviated ‘wells.

As shown in FIGS. 6B and 6C, the upper end of an
‘accelerator 78 is connected to the lower end of the
knuckle-joint 76 and functions to create spring forces to
accelerate-the'ruhning tool of the present invention to
creafe high impact logding in an upwardly direction as
will be described. Since the accelerator 78-functi§ns'in
U .a conventional manner it will not be described in any

further detail.

A weighted stem 80 (FIGS. 6C and 6D) connects the
lower end of accelerator 78 to the-upper end of a
hydraulic jat'sz.' The stem 80 provides the increased
weightland mass necessary to create thé high impact

loading discussed herein.



'GB application 89.18988.0 (GB 2224764). The lower end of the hydraulic jar
82 is connected to the upper end portion 14b of the crossover 14 of the
runni ng tool as shown in Figs 6F and 1A. The energeng¢y di sconnect device 74 *=
which is connected between the reeled tubing 70 and the centralizer 724 /s
shown in detail in FIG 7. The disconnect dgyice 74 conprises a top sub 86
having an internally threaded portion 86a for connecting to the reeled

tubing 70, and a bottom sub 88 having an externally threaded portion 88a

di sposed at one end for connecting to the centralizer 72 and a fishneck 88b

at its other end. Theh80h{@PagLPc8FatSedl § §NEEpktbat IR FPESSUEDBEnENGR

coaxial relationship and a tubular™prop 90 is disposed.in the bore defined

by the aligned fedesunétibnst ot 6obpapdtibf VothogheUlcte16P866£MPAt and
therewith. A plurality of angularly spaced shear pins 92, one of which is"

shown in FIG T7stemt80dtdhpoogiideahighl impatenlioadihygr dnganoppwandlyi n t he
. top sub 86 and -13- into an aligned groove ifn the prop 90. Two seal
ri ngs 94a and 9dbrection suchrasvis thetkanpevpdisciloseddinooertéarliedes

of the shear pins 92. The internal bore of the top sub 86 and the external
surface of the PRPopPRI&EC3tiPPcE9:.-48988.0 (GB 2224764).

' The lower end of the hydraulic jar 82 is
connected to the upper end portion 14b of the crossover 14 .

of the running tool as shown in Figs 6F and 1A.

| .The emergency diséohnect device 74 wthh is connected
between the reeled tubing 70 and the centralizer 72, is
shown in detail in FIG. 7. The disconnect device 74
compriées a top sub 86 having an internally threaded
portion 86a for connecting to the reeled tubing 70, and a
bottom sub 88 having an externéily'fhreadéd portion 88a
disposed at one end for connecting to fhe centraliéer 72
and a fishneck 88b at its other end. - ~
| The bottom sub 88 is aligned with the top sub 86 in a
cdaxial relationship and a tubular prop 90 is disposéd in
the bore defined by the aligned bores of the top sub and
the bottom sub in engagement therewith. |
A plurality of angularly spéced shear piﬁs 92, one of
which is shown in FIG. 7, extend through - -

radially-extending through openings in the top sub 86 and



formtwo spaced shoul ders 86b and 90a, respectively, and an enl arged groove
90b is formed in the outer surface of the-prop 90 just bel ow the shoul der
#86b. ~Fwo | ugs 96, one of which is shown in FIG 7, are provided through
corr pondlng openi ngs in the top sub 86 and are angularly spaced 180
degre®s. One end of each lug 96 extends flushgwith the bore of the top sub
86 and the other end portion projects outwardly fromits opening in
engagenent with the internal shoul der of the fishneck 88b of the bottom sub
88 to retain the bottomsub in the position shown. In the event it is

desired to activaheo! Ba d9¥ghed’§roboe. 1hoeh@<g%besoanywb 5Ba1t 29hgs 94a
previ ously descri bed becone”jamm®ed in the wellborée, a ball (not showl) of a

di anet er sI|ghtlnnaesabtb&mehhe1hpgeoobeghqntQnes@hoﬁﬁeoamob&eﬂuﬁbeélther
through the reeled tubing 70 and into the top sub where it engages the

upper end of thesfides 9@ thei sheazl pimkf 92he Thep i%terablobsrer efsthe top
build up above the ball and forces the prop dowwardly until the pins 92
shear. This, in subngéaland\thehexperpadl surfacee ofowheapdiop meleatstepped ttioe
top sub 86 and t he bottom sub -14- 88 until ‘the shoul der 90a engages the
shoul der 86b. | nfeRms tyosisprsrd shouddesse 85bn and §94 .wrespers ivedy .0and

an enlarged groove 90b is formed in the outer surface of
the prop 90 just below the shoulder 86b.

Two lugs 96, one of which is shown in FIG. 7, are
provided through corresponding openings in the top sub 86
and are angularly spaced 180 degrees:. One end of each lug
96 éxtends flush with the bore of the top sub 86 and the
other end-portion'projects butwardly from its opening in
engagement with the internal shoulder of the fishneck 88b .
of the bottom sub 88 to retain the bottom sub in the
position shown.

'In the event it is desired to activate the device 74
when, for example, any_of the tools previously described
'become jammed in the velibOte, a ball (not shdﬁn) of a
diameter slightly less than the.bo:e of the top sub 86 can
be pumped through the reeled tubing 70 and into the top
sub where it engages the upper end of the prop 90. This
seals off the prop 90, allpws pressure to build up above
thé ball and forces the prop downwardly until the pins 92
shear. This, in turn, allows ﬁhe prop 90 to move '

downwardly relative to the top sub .86 and the bottom sub



P

‘nhich allows the lugs to nove into the groove and rel ease fromthe fishneck
88b. The reeled tubing 70 can then-be pulled out .of wellbore, taking the
top sub 86 and the prop 90 with it and | eaving the bottom sub 88 including *
t he exposed fishneck 88b. A pulling tool, or the like, could then be}{ /
dropped into the well bore to engage the figshneck 88b for the purpose 3?/

rel easing the jamed tool. It is understood that each of the conponents

shown in the string of FIGS. 6A-6F, and di scussed above, have a 't hrough

bore for the flow of fluid therethrough so that fluid introduced into the

rocl ed Lubing £0 GROYE PHO“BMolgNe bOkouRbabE LHE' Bouide: °8ERONORhS Of

€ running too e present 1 nvention. O herw se

all of the abowg; ' COPRECHE 88Tl i Y¥2£hOHReCOIBENGRL S Of
Flos OA OF caibe RORERTRE CHe dE80%e IOl TaRERE VEth HRe e et of a

mal e and fenal gnhi#RUARIoRE! £heNtugs tBrRe¢edinBeagngegtoové and thdease
connections are conventional they will not be described in any further

detail. In opefpbmOthet PEshheakogsb.14 of the running tool of the present
invention is connected to the |ower end of the string of conponents
depicted in FIGS. 6ThéFreelledhtubingo?Ri agnnthencbespuiliedonuscodd bet ween

the | ower end of : : _
wellbore, taking the top sub 86 and the prop 90 with it

.and leaving the bottom sub 88 including the exposed

fishneck 88b. A pulling tool, or the like, could then be Q;

dropped into the wellbore to engage the fishneck 88b for

the purpose of releasihg the jammed tool.

It is understood that each of the compénents_shown in
; the string'of.FIGs. 6A-6F, and discussed above, have a
through bore for the fiow of fluid therethrough so that

fluid introduced into the reeléd tubing 70 ébove ground

flows through the tubing. the compohents of FIGS. 6A-6F,

including the running tool bf the present invention.

Otherwise all of the above descriﬁgd conneéiicns.between .
the various cbmponents-of FIGS. 6A-6F can be conventional ~
and, as such, would normally consist of a male and female
tubulér portions in threaded engagement. Since these
connectioné are conventional they will not be described in
any’fdrther_detail. |

In operation, the crossover 14 of the runninq tool of
the preseﬂt iﬁvention=is connected to the Igwer end of the

string of components depicted in FIGS. 6A-6E and the



t he running tool ‘and an operating tool such as a flow control device or the
i ke (not shown) for securing in the wellbore. The running tool is placed
in the'node shown in FIGS. 1A and 1B, is.e. with the shear pins 40 and 42 in
pl ace, A th the | ocking |ugs 34e engagi ng the correspondi ng end of the
fish?ﬁﬁ'neck 52 of the. locking mandrel 50,  add-with the ball valve 20 in
the bore of the inner mandrel 12. The entire assenbly is then |owered into
the well bore until the pressurized fluid in the well enters the | ower end
of the bore of the running tool and |ifts the valve 20 off the shoul der 12h
thus permitting thRekiNg Mandrel Shdss aanneshed hetuwaeso e daverriepsd of
6A-6F and into t reel ed tubing 70., This enables the reeled tubing to fil
whi ch bal ances t F*$e¥Rind and, angperting taqd fychsiaxa t%é"'keys

he' | acki ng mand a0 T ARORE /S diify 1ike CRal el fo Rediiing YA, oh
a0m 1ot e vel! e Y Sl T . S 0 W€ i o
o oo o o PR a4, 1% R0 S Ml S 42 o
desi red_ to positigiacid widdk tHee 1ol 1Rigs [H48 @dggjaqrng alpd i vely high
| corresponding end of the fishing neck 52 of the locking
" -mandrel 50, and with the ball valve 20 in the bore of the
| innerlmandrel'lz. The entire aésembly is then iowered
into the wellbore until the pressurized f£luid in the well
enters the lower end of thé bore of the running tool and
lifts the valve 20 off the shoulder 12h thué'permitting
the well fluid to pass th:ough the components of Figs.
'6A-6F and into the reeled tubing 70. This enables the
reeled tubing to £ill which balances the pressure across
fhe wall of the tubing. Since the keys 60 are in their
retracted position of FIG. 1B during this movement,
Y ~ neither the locking mandrel 50 nor the rﬁnning tool drags
| in any substantial manner against the wall of the wellbore.
The assembly is lowered a-Sufficient distance in the
wellbore, as determined by a“cqﬁnter or the.liké which is
monitoied by the operﬁtor. until‘the locking mandrel 50
méves just above a landing nipple (not shown) in the
vellbore_with respect to which it is desired to position

and lock the mandrel 50. Fluid under relatively high



.16- pressure is then introduced into the reeled tubing 70 and passes

t hrough the centralizer 72, the knuckle-joint 76, the accelerator 78, the
- stem 80, the hydraulic jar 82, before.entering the crossover 14 of thg .
running tool and, passing to the inner mandrel 12 This flow of fl ui de
forces the ball valve 20 agai nst the shoutber 12h and diverts the fluid
flowinto the cavity 46 formed between the inner mandrel 12 and the piston
34. The Orings 19 and 48, acting on the surfaces of the piston 34 and the
i nner mandrel 12, respectively, seal against |eakage of fluid fromthe
cavity 46 so tpeessucefisithenetstredugedhintevthe creled tppéng: Pyand
directed forces against the shoulders 12e and_34b, respectively. \Wien thes
forces have atpasses bhﬁ@@gbtﬁhﬁiﬁ@ﬁtVQFHE?rtH@vtFhﬁek§H§§heﬁﬂﬂ§nEO75' '

ti th iIb 32 to the i drel - hi s ' d
i ol moverent B 2ARebPEREAT d8enths ShoRcPlr VBSI BYBRBUAAACA SRafdrel

§§§3F§L¥h%2at8¢éfﬁegZ%%Eé§9532?§%f§99§%9?s£?ﬁaaEﬁoﬁﬁge%“ﬁaéﬂﬁiE%ﬁéhﬁaﬁure|
1 . i 1 Vi 32k - .
furcher rel at 1 BashblanEn: AT 1blkt, RABAPRICNS, Soinik e ial BECTILId N

arease 1n'the Eebel HEC BaT Ve A R e o e
assenbly.  Thi §; geppucttled¥18idMe 18w ihtel theecAvityn46 formed between
-the inner mandrel 12 and the piston 34. The O—riﬁgs;ié ¥)_
and 48, acting on the surfaces of the piston 34 and the
inner mandrel 12, respectively, seal ;gainst leakage of
fluid from the cavity 46 so that the fluid pressure in the
cavity exerts'oppositely_directed.fo:ces agaiﬁst the |
‘'shoulders 12e and 34b, respectively. When these forces
have attained a predetermined value, the-three_shear pins
40 connecting the sub 32 to the ihner mandrel 12 shear.
This causes downward axia1 movement:o£ the piston assembly
30 relative to the inner mandrel assembly 10 to the |
position shown in FIGS. SAIand'aB. i.e. until the-shouider s
32a of the sub 32 contacts the facing shoulder 12b of the
mandrel 12 and the snap fing 18 snaps into.the groove 32b,
thus prevehting any further relative movemént between the
piston assembly 30 and thé mandrel assembly 10. - It is
noted that this latter movement is dampened by the grease

in the cavity 36 to prevent undesirable shear stresses on

the assembly. This downward axial. movement of ‘the piston



-17- assenbly 30 causes the shoul der 34d of the piston 34 to push, or
force, the enlarged portion.52a of the fishing neck 52 of the | ocking
imandfel 50 downwardly and thus causes the expander sleeve 56 to force the
| eaf =gprings (not shown) and therefore the Leogking keys 60 radially
outwardly to this "seeking" -position shown in FIG 8B. Wth the keys 60
thus biased outwardly, the entire assenbly is noved downwardly a short

di stance by correspondi ng actuation of the reeled tubing 70 so that the

keys 60 will ri d%ﬁeﬁgg& he walseQf th@eshemdggyygohenéﬁag?f%ﬁ@h63MSh

has a restricted which retracts the agal ns e bras of

the |eaf springspushi Srdewpvel,dtheyemikgedNboreeenUsbh! of NEnKey$sRPng! | 9N
with a |l ocking groove fornmed in the |Ianding nipple which has a profile

correspondi ng tonelekt 52f thefkene 30ckAhgt Mandiielesthaokrwar8lyasrdbtragd
into this profile under the action of the |eaf springs so that the

shoul ders 60a of chlusesethetexpagdgr sleevecSpondi figrebothdeledfr spoingse
correspondi ng profile of the landing nipple. This |ocks the | ocking mandrel
50 rel ative to tKaotasiowy)niapgdl shexeforey shes logkingr keysea@nradialhy

mandrel.. Additional fluid is then punped into the bore of the inner_ mandrel
12 and passes thOMW¥REAlY $9s$hdss "seekipg) position shown in FIG. £B.

With the keys 60 thus biased outwardly. the entire
assembly is moved downwardly a short distance by
, \J o correspondihg actuatiqn.of the reeled tubing 70 so that
| the keys 60 will ride along the wall of the bore of the
landing nippie which has a restricted diameter which
retracts the keys 60 against the bias of the leaf
springs. This_downward movemént continueé until the keys
60 align'with a locking groove formed in the landing -
nipple which has a profile corresponding to that of the
keys 60. At this time the keys 60 are biased into this
ptofile ﬁnde: the action of the leaf springs so that fhe
U " shoulders éOa of the keYs 60 engage é corresponding
-.shqulder forming the corresponding profile of the landing
‘nipple. This locks the locking mandrel 50 relative to the
landing nipple and prevents fﬁrther movement of the
mandrel. |
Additional fluid is then pumped into the bore of the
inner mandrel 12 and-passeé‘through the passages 12f into

the cavity 46 to increase the shear stress on the pins 42



the cavity 46 to increase the shear stress on the pins 42  -18- until

t hey shear and thus permt downward novenent of the piston 34 relative to
sub 32 and the | ocking nandrel 50. The shoul der 34d .of the piston pushes or *
forces the facing end portion of the fishing neck 52 of the |ocking rmaddrel
50 further dowwardly to cause correspondrn% downwar d novenent .of the
expander sleeve 56 to the position of FI GS189A and 9B, i.e. underneath the
keys 60 to secure themin this expanded | ocking position. This positively

| ocks the keys 60 in the profile of the |ocking nipple and t hus secures t he

| ocki ng mandrel 50 _and therefore the operating tool trve to th Ki ng-
nipple. It is Notdd they shearhand,shus,perm é°"§W r[df]l R(}be

nmoved over the reduce di a ter ndr el rti hei r
engagenent froPi’FI’i'é’nfr r?ge E‘%eﬁr@ﬁg? %ﬁ@l%%te%s%a the
Oring 48 exte I| t f

cavity 46 to r éﬁ%rgqﬁré"zt ﬁ&\ﬂ}]‘z%’n Sl gnzf[Ps t‘#eé%gpefrlggtnoér r(;ﬁ
t he | ocki ng op I

pass, through 5‘? pr |{ai[e openi nggﬁiﬁ%j;shom% ﬁ%uﬂgﬂé?h%éﬁﬂiﬂ%ﬂ%@
52, to the wellgh g&v&w&m;} to dRidd %ﬁﬂeﬁb&ﬁi‘ﬁ@&i&hﬁzdmm ng

tool fromthe Iocklng mandrel 50 in order to enable t
movement of the expander sleeve 56 to the p051t10n of

FIGS. 9A and 9B, i.e. underneath the keys 60 to secure
them in this expanded locking position. This positively )
locks the keys 60 in the profile of the locking nipple and
thus secures the lockigéfmendrel 50 and therefore the
operating tool relative to the locking nipéie. It is

- noted that, in the positien ef FIG. 9A, the lugs 34e ha#e
moved over the reduced diameter mandrel portion l2c and
thus release their engaéement from the fishing neck 52 of
the locklng mandrel 50. Aiso, the O-ring 48 extends over
the equalizer slots 12g to permit flow from the cav1ty 46
to relieve the pressure thereln ‘which signals the_operator-\J :
that the lockiﬁg operation has been cdmplefed.-lThis flow i
from the cavity can pass, through appropriate openings
(not shown) found in the fishing neck 52, to the wellbore.

fn the event it is desired to disengage the running

tool froﬁ the locking mandrel.so in order to'enable the
running.tool to be removed from the-wellbqre, an upwardly
exerted force can be applied to the running;tcol via the

reeled tubing 70 and the asSociated_components until the



running tool to be renoved fromthe wellbore, an upwardly exerted force can
be applied to the running tool via the reeled tubing 70 and the associ ated
conponRents until the . -19- shear pin .64 shears, thus releasing the core
24 frqm.the mandrel 62. Since the lugs 34e are no | onger engaging the
fishing neck 52 of the |ocking nmandrel, the tugning tool can be renoved
fromthe wellbore with the locking nmandrel |ocked in place relative to the
| anding nipple. It is thus seen that there are several advantages to the
running tool of the present invention. For exanple, it enables the | ocking

nmandrel to be actgidsd pinl a4 \eHeaasi thug\iddl dadiny rehe Gor® VAN O 6Hi Lehe
The running tool is also operable with reeled tubing and as such can be

inserted into a marndred 82 .0r Sindetthe vialdd@4e dife narlonged cangayitg the
actuates the |l ocking nmandrel by the introduction of fluid pressure, a .
rel atively sinpl éishing ackvih abmghe ctbekindanandtel quthe rmupnirg tool
connection with wire line running tools. Further the novenent of the bal
val ve of f the shaanidre mamaxed r&%lthﬁ Iwellbare withshe i locking Heandrel
running toaol into the wellbore insures, that the reel ed tuQin%}MIl fill

with the wel | 1 ARFESR M RIAGe (1Rl 3 2. FQ Ehe ckanding Ripple fys

reventing the wall fromcoll.apsing under. the pressure of
P g _ f% is thus seen that there are several advantages to

'_the running tool of the present invention. For example,
it enables the locking mandrel to be actuated relatively
easily with a minimum of MOving parts. The running tool
-is also operable with reeled tubing and as such can be
inserted into a horizontal or deviated wellbore. The
running tool also actugtes the locking mandrel by the |
introduction of fluid pressure, a relatively simple
techniqﬁe when compared to the technique$ required in

' connecfion with wire line running tools. Further the
movement of the ball valve off the shoulder 12h by the
well fluid during insertion of the running tool into the'.

- _ wellbore insures that fhe reeled tubing will £ill with the

wéll fluid and balénce the pressure across its wall, thus
preventing the wall from_collapsing under the pressure of
the well £luid bétween the outer surface of the reeled
tubing and the bore of ‘the well.

It is understood that several variations may be made
“in the running tool of the present invention ﬁithout

departing from the scope of the invention. For example, .



the well fluid between the outer surface of the-reeled tUbiﬁg and the bore

of the well. It is understood that -several variations nmay be nade in the
runni ng tool of the present invention .wthout departing fromthe scopg-of
t he invention. For exanple, -20- the specific construction and "

arrangenment of the associated conponents, including the | ocking mandrel” 50,
can be varied within the scope of the i nve®Piron. Aiso, the runni ng tool of
the present invention can be nodified within the scope of the.invention to
connect to | ocking mandrel s having outside fishing necks rather than the

i nside fishing Becks 52 .as. shown in the dr mﬁngs. Further the energency
~di sconnect devFBE FREEAE1GeCOBRAEUCEIOB. ATIAPIEmeNge ofo FHGhent s

doprcted |1 GpoRtateaotitbohlal e R NS 158! SO gard At dpe
invention v | CA BErvardse AniR 1B SCHBEt0ETRRel ThveRtty Ads s,
broadl'y and i neaCyEORBIRE £801, B chlel BriRent anventBh Banl U ¥t 1ea
within the scope of the invention to connect to locking
mandrels having outéidé fishing necks rather than the
inside fishing necks Sz.as shoﬁh in the drawings. Further
the emergency disconnect device 74 can be COnnécted o
between any of the components depicted in Figs. 6A-6E
 other than between the reeled tubing 70 and the
centralizer 72. | e
Other modifications, changes and substitutiohs is
intended.in the foregoing disclosure and in some instances
some features of the‘in&ention will be employed without a
corresponding use of other features; Acccfdingly. it is

appropriate that the appended claims be construed broadly

and in a manner consistent with the scope of the invention.

s’



121- CLAIMB: A runni ng tool for connection relative to ree
actuating a tubular |ocking.device in a wellbore, said run }-I rI““lﬂmH“I
M

conprjging (a) a mandrel assenbly defi.ning a bore and ad ap
i,on to.an end section of said reeled t
into said bore; (b) piston means extending o

conn

mandr el

orn

é§$|ng for introducing fluid
a portion of said inner
assenbly in engagenent with said | ocking device;

(c) connecting

means connecting said piston neans relative to said mandrel assenbly; (d)

cooperating shoul ders f oiCleAIMS: sai d nandr el

assenbly and said piston neans

for defining a fluid chafer, and (e) passage means connecting said mandr el
assenbly bore to said g Yich ' I s | said
fluid chanber to %‘xertﬂ opposI | rec ordcéeisux{(;n Jsal (}q’e}?l teqs?g&é&

respectively; (f) sai %%H?CE_ Qac'ﬁ?e[&:{ge'an& Q¥ UGAd R Qe i g5f d O

respond to a predeterm

luird pressure in said flurd chanber to rel ease

sai d connection betweaje Sk d) S$£I8 B@Rsif sl Comprising:

(a)

(b)

(c)

(d)

(e)

(£)

a mandrel assembly defining a bore and adapted |
for connection to en end section of said reeled
tubing for introducing fluid into said bore;
piston meane extending over a portion of said
inner'mandrel assembly in engagement with said

locking device;

‘connecting means connecting said piston means

relative to said mandrel assembly;

cooperating shoulders formed on said mandrel
assembly and said piston means for defining a
fluid chamber; and

passage means connecting said mandrel assembly

bofe to said fluid chamber for establishing

-f£luid pressure in said fluid chamber to exert

oppositely directed forces on said shoulders,
respectively;

said connecting means being constructed and-
arranged to respond to a predetermined fluid
pressure in said fluid chamber to release said

connection between said piston means and said



©“22- mandrel assenbly and pernmit axial novenent of said piston neans

reI mul(ﬂmummll' drel assenbly to actuate said | ocking device. 2. The
m 1 wherein said fluid normally flows through the-

entlrecbofe Bf %ai*d mandrel assenbly and further conprising valve neagé» -

di sposed in said bore for diverting said flyu through said passage nmeans to

said fluid chanber. 3. The running tool of claiml1 wherein said piston

means conprises a tubul ar housing, a piston for engagi ng sai d | ocki ng
- device and additional connecting neans .for connectlng sai d tubul ar housing

to said piston, said addigdn@nal GBI i Nk iGN S el st

arranged to respond t o anot her predetern1ned luid pressure I1n sald anber

to rel ease said connecti @aildeipiRRion achrs b it v Y Gy maidrdl Ston for
permtting further axial novenment of said piston to |ock said |ocking

device in said actuated pesenbly tb actifate waididdakingpfdedrigen 3 wherein
sai d piston includes at |east one retaining lug normally engaging said
| ocki ng devi ce Z.0 pmhaemummrmm]ofofa glaim dn wfersdind dadiakifibuitkvi ce
relative to the renalnln%
. normally flows through the entlre bore of said
mandrel assembly and further comprlslng valve means
disposed in said bore for diverting said flow throﬁgh
said passage—means to said fluid chamber : - QJ :
3. The runnlng tool of c1a1m 1 wherein said piston means
_ ompr1ses_a tubular ‘housing, a piston for engaglng
said locking device and additional connhecting means
for connecting said tubular housing to said piston,
said additionel connecting means being constructed ‘
and arranged to respond to another predetermined
fluid pressure in said chamber to release said

connection betWeen said tubular housing and said

piston for permitting further axial movement of said

| . N
piston to lock said locking device in said actuated :
position. |

4, The running tool of claim 3 whe;ein'said piston

includes at least one retaining lug normally engaging
said locking device to prevent movement of a portion
of said locking device relative to the remaining

portion of said locking device, said mandrel assembly



portion of said l'ocking device, said mandrel assenbly -23- having a
reduced di aneter portion over which said piston noves dur

axi al.-spvenent thereof to rel ease said.engagement of saldlnllnﬂ“rNﬂw “EW“"
W th sgld portion of said l-ocking device and pernit said runnanLtdeSto* e
renoved fromsaid well bore. 5. = The runningjtool of claim1 -wherein said
connecting nmeans and sai d additional connecting nmeans each conprises a

plurality of shear pins, the shear pins formng sai d addi ti onal
connecting. means being adapted to shear in response to.a greater fluid

pressure in said f'“'ﬁa@ﬁﬁﬁb%rrbﬁﬁ%ebhﬁl rrpbB§t1%B”b9%rs@hQCQPQQQQF'ng

means. 6. The running todl of claim1furt conpri sing neans connecting.

sai d mandrel assenblygigtoa d\okre%ka%ﬁn@'@vls%ad %'r%hle%t @%4 aQ0RRReent Means
bei ng constructed and arranged to respond to a predeterm ned upwardly

pulling force on sai dthierdof tostelllase ¢adds andagemient b¥bisadd retadng: Q%P
sai d connection between said nmandrel assenbly and said | ocking device an
enabl e said running tduwg sithe saddo ped tiiommofaisdide llockdneg. device and

| permit said running tool to be removéd ffcm said well
bore.

5. The running tool of claim 1 wherein said connecting
means and said additional Cdnnecting means each
comprises a plu:ality of shear pins, the shear pins
forming said additional connecting means being
adapted to shéar ih-responSe to .a grea;er fluid
pressure in said f£luid chamber fhan the shear pins
forming said_connecting means.

6. The running tool of claim 1 further comprising means
connecting said mandrel aséembly to said locking
device, said latter connecting means being
constructed and arranged to fespond to a

 predetermined upwardly pulling force on said mandrel
‘assembly, via said feeled tubing, to release said
connection between said mandrel assembly and said
locking device and enable said running tool to be
removed from said well bore.

7. The running tool of claim 1 further comprising means

responsive to a predetermined amount of said axial



»

_ 7. The running tool of claim1 further conprising neans responsive to a
erm ned anount of said axial - -24- nmovenent of said piston neans
imﬂmﬂmumﬂl" ton nmeans relative to sai d nandrel assenbly 8. =The
m 7 wherein said | ocking nmeans conprises a shap rgag
dlsposed on Sai'd randrel assenbly and adapted to extend into a
correspondi ng groove in said piston nmeans t2#-retain said nmandrel assenbly
relative to said piston neans after said predeternined amount of said axial
movement . 9. The running tool of claim21 further conprising neans
responsive-to a predeternined anount of said axial novement of said piston
nmeans for relievingReementyiaf Fakd pistoro megns rfigmikecking s4id|pisgon
wherein said fluid normal |y passes throqgh sai d bore and bypasses said
fluid chanber, and ffafferr e Ry AN MARAERL ASFARREY i n said nandrel
assenbly for diyverti sald fluid f fronas d . bore to said flujd
chanbery 11. A%unni %e& ﬁ)]rP"r“é (RRF§IN r%%’r‘%dl??}b}% for

devi oo E&%;”PE&?LA&%%%%% Kl 1 itred B S ithdie

assembly and adapted to extend into a corresponding

groove in said piston means to retain said mandrel
assembly relative_tq said pistbn_ﬁeans'after said
predetermined amount:of said axial movement. | v,

9. ' The running tool of claim 1 further comprising means
responsive to a p?edefer@ined amount of said axial |
movement of said piston means for.ﬁelféving said

" £luid preséureu_ |

10. The running tool of claim 1 wherein said fluid
normally passes through said bore and bypassés said
£luid chamber, and further comprising valve means
dispbsed in said mandrel éssembly for diverting said
£luid flow from said bore to said £1luid chamber.

11. A running tool for connection rélative'tO'reeled
tubing_for aétuating a tubular iockinq devicé in.a '
wellbore, said tubular locking device having radially
expandable lqck-keys for engaging a cooperating
surface in said well bore, said running tool

comprising:



‘surface in said well bore, said running tool comprising:  .2&
I nner mandrel assenbly defining a bore and conpri sing: (1|)_'(m 'm I“liﬂu‘llll
;mandrekr (2) a core; and (3) freans securing said i-nner m ¢ el

sai d-gcore to prevent relati-ve axial novenent therebetween; (b) means

connecting said inner mandrel assenbly to am28md section of said reeled
tubing for introducing fluid into said bore; (c) a piston assenbly

ext endi ng over a portion of said inner nandrel assenbly and conprising: (1)
a tubul ar housing; (2) a piston for engaging sai d_|l ocki ng device; and (3)
first shear neans conf@dti 38 IARETp elcpgserblyo definingnar begrdraR
assenbly; (d) second shear neans connecting said piston assenbly relative
to said inner nandrel asseffSfP*283P % ooperating shoul ders forned on said

i nner mandrel assenbly and(iaida%iisggraﬁéigggﬁ;for

| (2) a core: and . _

(3) means securing said inner mandrel relative
t§ said core to prevent relative axial
movement therebetween;

(b) means connecting said inner mandrel assembly to
an end section of said reeled tubing for
introducing fluid into said bore;

(c) a piston assembly extending over a portion of .
said inner mandrel assembly and comprising:

(1) a tubular housing;

(2) a piston for engaging said locking device;
and

(3) first shear means connecting said piston
relative to said inner mandrel assembly:

N ' . (d) second shear means connecting said piston

assembly relative to said inner mandrel assembly;
(e) cooperating shoulders fo:med on said inner =
mandrel assembly and said piston assembly for
defining a fluid chambér: and
(£) péssage ﬁeans coﬁnécting said inner mandrél

assembly bore to said fluid chamber for



definimg—a—ft+ui-d—chanber; and (f) passage neans connectlng sai d inner

ore to said fluid chanber for . -26- establishing fluid
gmn ""’T'ﬂﬁ&&‘) | uid chanmber to exert oppositely directed forces on-said +
shoul ders |ver; (g) said first. shear nmeans being construct edeafd
arranged to respond to a predeterm ned fluyg_pressure in said fluid chanber
to rel ease said connection between said piston assenbly and said inner

mandrel assenbly and permt axial novenent of said piston assenbly relative
to said nmandrel assenbly and correspondi ng novenent of said | ocking device

to expand said |ock keys dsablliaHinyd MUl pitssibe ifi<h R FONMH $hear

means bei ng constructed and arranged to respond to another predetern ned

fluid pressure in said f.ldu&watarﬂbereﬁeweip@aaqmﬂmé&féd%x@ém
sai d tubul ar housing and said piston for permtting further axial novenent

of said piston and corr esziddishpuldermnirespetivwelyn of said | ocking
device to lock said |l ock keys in said expanded position.

(g) said first shear means being constructed and
arranged to respond to a predetermined £luid
pressure 1n said fluid chamber to release said
connection between sa1d piston assembly and said
inner mandrel assembly and permit ax1a1 movement ,
of said piston assembly relative to said mandrel
assembly_and_cortesponding movement of said
locking deviee'to expand said lock keys to a

~ locking position; '_ |

(h) said second shear means being constructed and
arranged to respond to another predetermined
£luid pressure in said £luid chamber to release
said connection between said tubular hoﬁsing'and
said piston for permitting further axial |
movement of said piston and corresponding
movement of a portion of said locking dev1ce to

| " lock sa1d lock keys in said expanded pos1t10n
12. The runnzng tool of clalm 11 wherein said fluid

normally flows through the entire bore of said inner

'mandrel assembly and further comprising valve means



“12. The running tool of claim11l wherein said fluid nornaLLy,ii{werTﬁWiEﬁr’f
the entire bore of said inner mandrel assenbly and further conmpr i “ﬂn& \
smeans_~, disposed in said boré for diverting said flow thro Nﬂg‘m\
nmeansy£0 said fluid chanber. 13. The running tool of claim {8 erm S
conpriSing third shear neans securing said e@re to said | ocking device,
said third shear neans being constructed and arranged to respond to a
predeterm ned upward pulling force or said core, via said inner mandrel and
said reeled tubing, to rel ease said connection between said core and said

| ocki ng devi ce and endiisposeddinuseidgborel for Hévertringd shidmfiawd thebugh
bore. 14. The running tool of claim 11l wherein said piston includes at

| east one retai.ni ng | 8§idopasErgecmgansngos s_dd dniidgchembes .t o prevent
movenent of a portion of said,lockin% device relative to the reqaLnin% .
portion of said Rdcki RedEWRRANgs 500l pfeclRdmdid fNEEhes sorpydsdag third
di anet er portion over ngich sai d pi ston noves during said,further axial

) r
movenent thereof to r SPEALMEANS SKGHEIRSHEa3A SQre F@té?ﬁﬂn&°F§@Wﬁtrlsaid

portion of said | ocki g dau °ga380+RIVE snRdkmetdy BshY0kohdRAck RS
| | arranged to rgspond ﬁo a predetermined upward pulling
force or said core., via said inner mandrel and said-
reeled tubing, to release said connection between
said core and said locking device and enabie.said
| running tool to be removed from said well bore. |
14. The running tqol 6f;¢1aim 11 wherein s;id piston
includes at least one retainiﬁg lug normally engaging
said locking device to prevent movement of é porticn
.of said lbcking device relative to the remaining
portion of said locking device, said inner mandrel
having a reduced diameter portion over thch said
pistonlmo#es during said further axial movement
_;KJ" | thereof to release said engagement of said retaining
| lug with said portion of said lockihg device and
permit said running tool to be remove¢ from said well
bore.
15. The running tool of claim‘ll,further comprising means
| responsive to'é predetermined.amount of said axial

movement of:said piston assembly for locking said



The runnln I of claim 11 further conprising nmeans responsive to a
“ Et of said axial .novenent of said piston assenbly for
- piston assenbly relative to said i nner mandrel ;>
assenb 16 The running tool of claim 15 wherei'n said | ocki ng nmeang<
conprlses a snap ring disposed on said inner mandrel and adapted to ext end
into a correspondi ng groove in said plstomz§4er sai d predeterm ned anount
of said axial novenent. 17. The running tool of claim 11l further conprising
means responsive to a predeterm ned anount of said axial nmovenent of said
piston for relieving said fluid pressure. 18. The running tool of claim1ll
wherein said fluid pirgtdn Yasyenisly trelagive aial swid@ e ywpasdiss] sai d

fluid chanber, and further conprising val ve means di sposed in said nandrel
assenbly for divertiassemblyfluid flow fromsaid bore to said fluid
chamber. 19. A running tool for actuating a |ocking device in a wellbore
conprising: (ajl6.a Eheirsnmnemeal efickeim s wherein caidylockirgering
W th said bore; means comprises a snap ring disposed on said inner
mandrel and adapted to éxtend.into a corresponding
groove in said piston after said predetermined amount
of said axial movement.
17. The running tool of ciaim 11 further comprising means o
.responsive to a p:ede;ermined ambunt of said axial |
movement of said-ﬁiston‘for relieving said fiuid
'pressure. _ ._ N |
18. The running tool of claim 11 wherein said £luid
normally passes through said bore and bypasses said
fluid dhamber, and further comprising valve means
disposed in said mandrel assembly for.diverting said
£fluid £low from said bore to said fluid chamber.
19. A runn1ng tool for actuating a lock1ng device in a ;J
' wellbore comprising: |
(a) - a mandrel assemh1y~having a bore and a éavity
registering with said bore;
(b) means connecting one end portion of said mandré1 
éssembly to a reeled tubing for introducihg-

fluid to said bore;



*( b) means connectiing one end portion of said mandrel assenbly to a reT

I
tubing for introducing fluid to said bore;- (c) means f1 H !ulr“lim“l
the other end portion of said mandrel assenbly to said | ocki oty *
5 ~.(d) means for selectively direcBPng said fluid fromsaid bore to
said cavity; (e) said mandrel assenbly conprising a first portion and a

second portion nmf%dabl &€aAs;fqF ANReGAing the PHI9L e ROBELOR eEsponse
to a 10 - predeterm.ned fluid pressure in. said cavi or
actuating said | ocki ng eV é'}ea.n%l asse"ﬂ’l% YUty f%%f”b? ‘i%/‘éi‘ﬁ?ig

wherein said | ocking deyjfe is actuated by expanding a | ocking key assenbly
associ ated with said | ocking device and | ocking 15 said | ocking key

assenbl ysi n sai d (@ypangRbrizd il |l e v IR FbcAHYE WhYa 28PRI 8 de6m.

respond to.a first and second predetermned fluid pressure in sald cavity
for expandi ng said | ockiai@ kyrensserdd1a adwlrdi ©gKi ng sai d | ocki ng key

assenbly, respectively. 20 21. A nmet hod of actuating a | ocking

device in a wel |l fe)e caaid sargindle adsgmby .comprising a first portion
and a second portion moveable axially relative
to said first portion in response to a

10 predetermined £fluid preséure in said_cavity'for

actuating said locking device..

20. - The runnihg tool of claim 19 wherein said
lbcking device is actuated. by expanding & locking key -
assembly associated with said locking device and locking
15 said locking key assembly in said expanded condition, said
mandrel assembly adapted to respond to a first and second
'predetermined fluid pressure in said cavity for expanding
said locking key assembly and locking said locking key

assembly, respectively.

.20 21. A method of actuating a lockirig device in a

wellbore comprising the steps of: -



ntr-oducing fluid to a bore of a nandrel assenbly connected to ..

MO o1 5o 2ettve o et sl omal”

reglsterlng Wwith said bore; (c) expandi ng .sai d mandrel assenbly axially
in response to a predetermned fluid pressure in said cavity for actuating
sai d | ocki ng device. 10 22. The3§eth0d of claim 21 wherein said

| ocki ng device is actuated by expandi ng key assenbly associated with said
| ocki ng device and | ocking said key assenbly in said expanded condition,
said mandrel assenbly adapted to respond to a first and second

predeterm ned fldy d phLGSSAY rTIggadtgaglgaré% ;gpﬁggagglsald key

assenbly and | ocKing said key asse ly, respective
assembly connected to said locking device; and

(b) selectively_directinglsaid fluid from said bore
5 _ to a cavity formed in said mandrel assembly and
registering with said bpre:
(c) expanding said mandrel assembly axially in

response to a predetermined fluid pressure in

said cavity for aetuating_said locking device.

10 22. _The method of claim 21 wherein said locking
device is actuated by expanding a key assembly associated
with said locking device and locking said key assembly in
said.expanded condition, said mandrel assembly adapted to
respend to a first and second predetermined fluid pressure

15 in said cavity for expanding said key'assembly and locking

said key assembly, respectively.




