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The pres;r;t invention relates generall.)' to subsea wells having multiple tubing strings or
bores extending into the bore hole from a wellhead and with a riser extending to the water
surface, and more particularly, to a bore selector disposed between the riser and wellhead for
providing selective access between the riser and one of the individual bores.

Subsea wells with multiple bores have one or more tubing or production strings
---suspended from a wellhead. A riser extends from the wellhead to a platform at the surfac;e.
Oftentimes i.t_ is necessary to have access to individual bo;'es for extending a wire line tool from
the sux:face into one of th.e bores. The riser includes multiple strings ‘of riser pipe extending to
the surface typically with individual riser strings for each bore. However, individu.al riser
stn.ings are very expensive. Many times these risers must be specially built to allow access to
each of the individual bores.

A dual bore selector selects either the bore for production or the bore to the annulus in
a dual bore completion. The dual bore selector is either connected above a tubing hanger
running tool or is tied back into the christmas treé, depending on whether you are performing
a workover. A specialty riser is constructed which includes two casing strings side by side to
tie back and communicate with the dual bores. The riser is used to perform the initial
completion and the workover. Such Epecialty risers are quite expensive and specialty risers in
45 foot sections for deep water may cost millions of dbll_ia,r,s. just fc;r the risers. Thus, it is

preferred to only have one riser string extending to the surface thereby eliminating the other

string to reduce cost.
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3l 1's having nmultiple tubing strings or bores extending into the bore hole

Froma wallhead and with a riser extending to the water surface, and nore
particularly, to a bore selector disposed between the riser and well- head

f or providing selective access between the riser and one of the individual

DOr es. Subiges. Patdist, Wi, B4 Tdistiopdsea altise bore evediicaving amsee withhd bigre Gélector.
pr oducti on strings suspended froma well- head. A riser extends fromthe
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ccess to I ndividual res for extending a wre lin 0 om t he surtace
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section of the riser string extending to the surface. The selector includes an upper tubular
member having a single bore in ﬂowl coﬁmunimtion with the riser string, a lower member
having multiple bores which align with the multiple bores of the subsea wellhead, and an

intermediate section having a rotary portion which communicates with the single upper bore and

selectively communicates with each of the individual lower multiple bores as the intermediate

section is rotated.
Variou; prior art patent's disclose flowline switches or selectors. U.S. Patents 4,133,418;
4,223,700; 4,291,724; and 5,129,459 disclose a flowline switch or selector haviné a. housing
with a rotor mounted thérewithin to rotate a tubular passageway extending through the rotor so
as to connect an upper port to one of a plurality of ports at its lower end. U.S. Patent
" 5,129,459 reciprocates and i;!dexes the rotor tube up and dow;l t.hcreby rotating the tube between’
\'rarious lower ports-as the rotor tube rotates within the housing.

There are also several different types of diverters and diverter valves for selecting
between two conduits. U.S. Patents 2,752,944 and 3,664,376 illustrate push-pull type diverters
with a horizontally reciprocating piston; U.S. Patents 1,951,434 and 4,252,149 disclose flapper
type diverters having pivoting diverter members; and U.S. Patents 2,586,144 and 3,834,418

show diverters having flexible members which are selectively moved between two conduits.

The present invention overcomes the deficiencies of the prior art.
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wth individual riser strings for each bore. However, individual riser
.strings are very expensive. Many tines these risers nust be specially built
"to allow access to each of the individual bores. A dual bore selector
selects either the bore for pro- duction or the bore to the annulus in a
dual bore com pletion. The dual bore selector is either connected above a
tubi ng hanger running tool or is tied back into the christmas tree,

depenc 9. Oopi ek oXa o' BRlinALBA, LB SR A DEF B g
: comuni cate wi_th the dual bores. The riser is used Aoboggrf,lg}{er?]gﬁgﬁaii[r‘\itial
conpl etat ipastan Arstihoreanda lower end with at least second and thir . g includes
a central bore extending between the upper and lower ends. A tube has its upper end connected
to the first bore and its lower end adjacent the second and third bores. A yoke having an
. aperture therethrough for passing the tube, is reciprocably mounted within the bore of the
housing. The yoke includes cam slots receiving guide lugs projecting from the sides of the tube.
A hydraulic actuating means is also mounted in the lower end of the housing for reciprocating
the yoke whereby as the yoke is reciprocated within the housing, the guide lugs move within the
cam ‘slots to shift the lower end of the tube between the second and third bores. A cage. is

mounted within the lower end of the housing to ensure alignment and sealing engagement

between the lower end of the tube and the surface surrounding the second and third bores.

For a deta.iled description of the preferred embodiment of the invention, reference will
now be made to the accompanying drawings wherein:

Figure 1 is an elevation view, partly in section, of the bore selector attached to a riser
at its upper end and to a running tool and wellhead at its lower end with the bore selector being
shown communicating with the production bore of the wellhead;

Figure 2 is the bore selector of Figure 1 with bore selector being shown communicating

with the annulus bore of the wellhead;

3 This Sheet Has Been

‘ TR



r. Such specialty risers are quite expensive and spe- cialty risers in 45
ot secti-ons for deep water may cost mllions of dollars just for the
sers. Thus, it is preferred to only have one riser string extending to

e surface thereby elimnating the other string to reduce cost. u. S.
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e sel ector The selector is con- nect ed at iIts lower end to a sub sea

[ head suppor ting, L LURLE HBLNGShE! DSk SHIPHE LR, B avl\farm,%%ﬁ.c

erati'8 connect ts upper

actuator for the tube extending through the housing of the bore selector;

Figure 3A is an enlarged cross-sectional view of detail A shown in Figure 3 illustrating

the floating seal on the lower términal end of the tube;

Figure 4 is a cross-sectional view at plane 4-4 in Figure 3 of the yoke, hydraulic
actuator, and tube of the bore selector showing the yoke in its lowermost position with the tube
communicating with the production bore of the wellhead;

figure 5 is a cross-sectional elevation view of the bore selector with the hydraulic

actuator having moved the yoke to its uppermost position with the tube communicating with the

¢

annulus bore of the wellhead;
Figure 6 is a cross-sectional view at plane 6-6 in Figure 5 showing the tube shifted into
communication with the annulus bore as shown in Figure 5;

Figure 7 is a cross-sectional elevation view of the upper end of the bore selector showing

the selector attached to coiled tubing and a riser. extending to the surface;

Figure 8 is a cross-sectional elevation view of the upper end of the bore se'lector
connected to concen;ric risers extending to the surface;

Figure 9 is an elevation view of the guide end of the tube of the bore selector;

Figure 10 is a cross-sectional view at plane 10-10 of Figure 9; |

Figure 11 is a cross-sectional view at plane 11:11 of Figure 9;

Figure 12 is a cross-sectional elevation view of the cage of the bore selector;

Figure 13 is a top view of the cage shown in Figure 12;
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the | owest section of the riser string extending to the surface.

The
I ncl udes an upper tubul ar nmenber having a single bore in flow

mmni cation with the riser string, a |ower nenber having nmultiple bores
Which align with the nultiple bores of the subsea well -

Figure 14 is a cross-sectional elevation view of the yoke of the bore selector;
Figure 15 is a top view of the yoke shown in Figure 14;
Figure 16 is a cross-sectional view at plane 16-16 of Figure 14 showing the bottom plate

of the yoke;

Figure 17 is a cross-sectional elevation view of the hydraulic actuating means of the bore

selector; and

Figure 18 is the cross-sectional elevation view of Figure 17 with the hydraulic actuating

means in the uppermost position.

. Referring initially to Figure 1, there is shown the bore selector 10 of the present
invention. Although the bore selector may be used for.communicating any upper bore with one
or more lower bores, the bore selector 10 of the present invention is preferably used in the oil
ﬁe.id for subse# wells to connect a riser 12, extending to the waters sﬁrface, to a subsea wellhead
14 héving 'multiplé bores extending downhole. ‘As disclosed in U.S. Patent 4,770,247,
incorporated herein by reference, ris.er 12 includes a plurality of pipe sections which are
connected end to end to form a ﬁser string which extends from the subsea wellhead 14 to the
water’s sufface. The bore selector 10 is used with mﬁltiple bore wells, such as wells having
multiple bore tubing hangers or christmas trees utilizing multiple tubing strings. In the
embodiment shown in the Figures, the multiple well includes two bores and thus selector 10 is
shown as a dual bor;: selector. A tubing hanger 15 is supported within wellhead 14, as shown
in Figure 1, and 'includes a production bore 16 and a annﬁlus bore 18 extending downhole. The

lowest section of the casing string used for riser 12 is connecied to the upper end of dual bore
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.head, and an intermedi ate section having a rotary por- tion which

jcommni cates with the single upper bore and selectively comrunicates with
‘leach of the individ- ual lower nultiple bores as the internedi ate section
I's rotated. Various prior art patents disclose flowine switches or
.selectors. U S Pat. Nos. 4,133,418; 4,223,700; 4,291,724, and 5, 129, 459

. di scl ossdecaorf |®uahd tie lowiet eind of dsall e oelehia 1 Mis connected 10y awilihg damger sunning
nounted there- within to rotate a tubul ar passageway extendi ng through the
rotor ge120 doAncQEes welifeddPPE! TRQRE prleMNAvation, RhdiBadl Bore QbleRBF 118 @truﬁts
| ower end. U.S. Pat No. 5,129, 459 reC| procates and i ndexes the rotor tube

up andthrough a drilling riser to run or tie back to a tubing hanger 15 or a christmas tree for the

purpose of performing downhole operations.

The function of dual bore selector 10 is to provide communication between the bor of
riser 12 and one of the multiple bores extending downwardly into the well, such as production
bore 16 or annulus bore 18, for completion and workover operations. The dual bore selector

10 acts essentially like a valve and is used to select one bore or the other. One purpose for-

'-" selecting -a bore is to install a wire line blanking plug. A bianking plug has a fai'rly large outside
. digme;ter and is several feet long. The blanking plug or slick line plug is lowered by wire line
and may be run through selector 10 intg either the production bore 16 or the annulus bore 18.
The dual bore selector 10 includes a housing 30, which. is preferably a tubular member

having a central bore 32 therethrough, and conduit member 40; such as a tubular member or
tube housed within the central bore 32 of housing 30. The housing 32 may b.e designed to
withstand pressures up to 50,000 psi depending upon inside and outside diameter and 'the
material of housing 32. Tube 40 includes a long flexible tubular member, approximately 3(3 feet
long, which is preferably ‘made of steel but -may be made of titanium to shorten the length of
tube 40, Tube 40 is designed é'or the same working pressufe (internally and externally) as the

" tubing hanger, christmas tree and blowout preventer stack. Tube 40'i_s fixed at the top and
allowed to shift at t};e bottom by flexing and bending elastically within housing 30 as the lower

terminal end of tube 40 is moved from one bore to the other. As best shown in Figure 3, dual

bore selector 10 further includes a yoke 50 for shifting t}je lower end of tube 40 between
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down thereby rotating the tube between various |ower ports as the rotor
tube rotates within the housing. There are al so several different types
of diverters and diverter valves for selecting between two conduits. U S.
Pat Nos. 2,752,944 and 3,664,376 illustrate push-pull type diverters with a
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di scl ose fl apper type dlverters aV|ng pi voting diverter
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overcomes tﬂcefexgner];é %Sntgl }gi?gu?gs } dp7r Itgé u%;)er end 36 of housing 30 includes suitable
means, such as a threaded box 34, for connectin.g housing 30 to the lower section of the casing
string of riser 12. An adapter 38 is supported within threaded box 34 by an upwardly ._cing,
downwardly tapering annular shoulder 42. The adapter 385includes a reduced diameter portion

44 at it;s upper end to form an annular space for receiving a connecting nut 46 which threadingly

engages threads 48 of box 34 to bear against upwardly facing annular shoulder 52 of adapter 38.

‘ Lock scre.ws 353 are received by aligned apertures in box 34, connecting nut 46, and adapter 38
to prevent connecting nut 46 froxﬁ disengaging. -

Adapter 38 includes external annular grooves receiving sealing means 54_, such as a pair
of O-rings, which sealingly engage the internal annular wall 35 of box 34. Adapter 38 further
inciudes a riser bore 56 therethrough having upper threads 58 for threadiqgly engaging the pin

" of the lower section of riser 12. A reduced diameter annul__é.r rib 62 projects inwardly adjacent
the lower end of bore 56 to form upper and lower facing annular shoulders. The upper end of
tube 40 includes a reduced diameter portion 41 forming an upwardly facing annular shoulder 64
which engages the downwardly facing annular shoulder of rib 62. The reduced diameter portion
41 of tube 40 is threaded at 66 to threadingly engage a rotation nut 68 which acts as a stop
against the upwardly facing shoulder of rib 62 to prevent excess buckling of tube 40 and also
allow foreshortening of tube 40. The small gap left betwegn rib 62 and retainer nut 68 allows

limited buckling of tube 40, Buckling is caused by thé large force due to the eccentrically

loaded column. The buckling may foreshorten tube 40. Slots 69 are also provided in retainer
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SUMVARY OF THE I NVENTION  The bore selector of the present invention
|ncludes a housing with an upper end having at least a first bore and a
*lower end with at | east second and third bores. The housing includes a
central bore extending betmeen t he upper and | ower ends. A tube has its

rs end_adj he second

;gge[ e 88 BD? ggs%taﬁrgesygxgrgtnﬁ Vi r@ﬂi{g@?{%ﬁgﬁn r%vndgg\en the upper Sa°0F wbd%o to
receive sealing means 73, such as a pair of O-rings, for sealingly engaging the annular wall 39
of adapter 38. |

Adapter 38 further includes a second bore 74 extending therethrough which is parallel
to riser bore 56. Connection means 76, such as’a straight thread and O-ring by flareless tubing,
are provided at the upper end of bore 74 for connecting a length of coiled tubing 78 which
extends to the surface. The lower end 82 of bore 74 is in open communication with the annulus
84 formed between tubing 40 and the inner annular wall 31 of housing 30 with annulus 84 being

= sealed by‘ sealing means 54, 73 of adapter 38. Fluids from the well can pass up through the
annuluf bore 18 and into coiled tubing 78 at the top of housing 30. Another option is to include

a valve (not shown) in housing 30 that allows returns to pass up the choke and kill line (not

gho“wo. |

Referring now to Figure' 8, thére is shown an alternative embodimer.lt of the riser adapter

38 of Figﬁre 7 where .concéntric string risers having tubing 98 inside casing 96 extend to the

surface. Riser adapter 80 shown in Figure 8 does not include .abor'e therethrough for connection

and communication with coiled tubing. The lower end of riser adapter 80 includes a reduced

diameter portion 81 forming an annular recess which receives a split connecting nut 47.

Connecting nut 47 is initially a split part whiéh is received within recess 81 and then welded

together. External threads 48 threadingly engage the box 34 of housing 30 and the connection

is sealed in a manner substantially ihc same as that shown_.-wi.th respect to n'ser. adapter 38 of

Figure 7. A pin 53 is press fit into an internal diameter slot in.box 34. Pin 53 prevents rotation
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'3 - t her et hrough for passing the tube, is reciprocably nounted within
t he bore of the housing. The yoke in- cludes camslots recei Vi ng gui de | ugs
" projecti ng fromthe sides of the tube. A hydraulic actuating neans is also
mounted in the lower end of the housing for reciprocat- ng the yoke whereby
as t heofyadaptdrs8Q edihprespest dol habsing 30; hadapres BAgn howeing ildiearisodts totgue toithdii n
the camslots to
tubing hanger running tool 20 or to the christmas tree.
Riser adapter 80 includes a single bore 85 extending therethrough for receiving the upper
end of tube 40 which includes a box 86 having external fh:cads 88 for threaded engagement with
a support collar 90. The upper end of riser adapier 80 includes a box 92 having an upwardly
facing shoulder 94 for engaging and supporting support c_oi_lar 90 to prevent excess buckling and
also allow the foreshortening of tube 40. Collar 90 is ﬂutéd to allow the passage of fluids. An
outer riser pipe or casing 96 includes a pin threadingly engaging the box 92 of riser adapter 80.
~ An inner riser pipe or tubing 98 is threadingly connected to a sub 100 which is slidingly received
- within the box 86 of tube 40. Internal grooves are provided in box 86 to receive elastomeric
seals’ 102, such as O-rings, for sealingly engaging the'_-extema.l annular wall of sub 100.
Centering guides 10{» are provided on sub 100 for centcring internal riser string 98 within outer
n'sér string 96. Guides 104 also allow fluid bypass. Inner and outer strings 98, 96 respectively
forn-1 an annulus 106 _which commﬁnicatqs with the annulus formed by the upper end of tube 40
and the annular wall 85 of riser adapter 80. Thus annulus 106 communicates with annulus 84
formed between tube 40 ;nd housing 30. /
Referring now to Figures 3, 9, 10 and 11: the lower end of tube 40 includes a guide end
-_ 110 welded at 232 to. a straight length of pipe forming the.p'_p__per portion of tuﬁe -40. Guide end
110 includes a pair of keys or guide lugs 112 projecting ﬁ?oﬂfn opposite sides of guide end 110.
Guide lugs 112 include parallel cam surfaces 114 preferably at 45 degrees from the vertical flow

axis 116 of tube 40 although such angle may vary due to fncnon and pressure. Adjacent the

lower terminal end 118 of tube 40 are spacéd apart guide wmgs 120. As best shown in Figure

o : — [ —
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sshift the lower end of the tube between the second and third bores. A cage
I's nmounted within-the |lower end of the housing to ensure alignnent and
seal i ng engagenent between the Iovver end of the tube and the surface sur-

roundj ng.t he sec obj.ects and advantages of the
prese llhﬁ\Pélllﬁr i Ys‘ﬁ agns}’\qd‘fféc‘%{n%mg Hz ﬁ%ﬁ‘i"%é‘l & PRt rin ghe¢ same

BRI EF DESCRI PTI ON OF THE DRAW NGS For a detailed description of the

pr ef everieal giansdi Therdaverderminal endy b4 phguide diQhasancenlareed dewetsr. fEtdcionver t he
acconpanyi hg draw ngs wherei n: FIG 1 is an elevation view, partly in
sect i erminal dévaew il e faciigomidol 1 Zaincludhestating meanssldd hateinafer dpweibed Hfifiigr t O

detail.

Referring now to Figures 3, 12 and 13, a pair of upper and lower cages 70, 72,
respectively, are disposed in the lower end of housing 30. Referring particularly to Figures 12
and 13, upper cage 70 includes a generally circular cover 132 having downwardly extending
annular sides 134 forming a cylindrical cavity 136. Cover 132 includes a U-shaped apertﬁrq 138
and arcuate aperture 140. U-shaped aperture 138 acts as a guide slot for the lower guide end
- 110 of tube 40 and arcuate aperture 140 receives a plurality of hydraulic control lines 144 shown

._ in Figure 3 for downhole equipment such as subsurface safety valves. - A pair of counterbores

142 are provided on each side of U-shaped aperture 138 for receiving and attaching the lower

end of hydraulic actuating means 60 as hereinafter described. The cylinders 202. are fixed to

upper cage 70 with the cover 132 of cage 70 affixed to a tmnsitiog joint 150 hereinafter
described. -

It is preferred that there be two cages 70, 72 as shown in Figure 3. A single cafge could

be used but would not allow the use of a "floating" type face seal means 130, hereinafter

. described. Upper and lower cages 70, 72 are nested against downwardly facing annular shoulder

| 146 of housing 30. An alignment cylinder 148 is affixed to cover 132 by a bolt 15?. Cylinder

148 includes a dﬁl}ed hole and counterbore to receive the shaft and head of bolt 152

respectively. Cylinder 148 is housed in milled slots 154, 156 cut in the tops of covers 132. A

milled slot (not shown) is also provided in housing 30 to accommodate cylinder 148. Upon

10 T
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a running tool and wellhead at its |lower end with the bore sel ector being
LShown comuni cating with the production bore of the well head; FIG 2 is
ithe bore selector of FIG 1 with bore selec- tor being shown comunicating
‘with t‘hsée'ahh'uIaél‘ﬁnlﬁ‘éi“ec‘@ﬂ‘dﬂﬁel%mqﬁ%m the milizd Jolssmaintaimskigrammt aowagst U-
‘el evation view of the Iower end of the bore selector nounted to the upper
-end of shaped apdsiures hihapel firsuand segosdboreand6 siedmerginkfier desletbeds agsperege 70
‘hydraul ic actuator for the tube extending through the housing of the bore

.sel ECtEHa.rs a ﬁ&ado&awaﬁdl Taéifg anmiasr ﬂfd&&&rsx%um%wéf' @Pe 95 e hodinst 0
|n FI G %Iustrating he f%oatlng seal on th
; lower annular terminal end 71 of upper cage 70.

A transition joint 150, projecting from the upper end of tubing hanger running tool 20
or a christmas tree running tool, bears against fhe lower annular terminal end 75 of lower cage
72. Transition joint 150 will have different configurations depending upon bore spacings,
control lines and whether the bore selector 10 is used to run a tubing ha:nger or a christmas tree,
Tx;nsitiQn joint 150 includes an upper annular flange 158 having seals 160 which sealingly
p engage the interior wall 31 of héusing 30. Flénge 158 fdfms an annular area for receiving a
threaded retainer nut 162 threadingly engaging the threads 164 of Jower box 165 of housing 30.
Retainer nut 162 is assembled like that of retainer nut 47 shown and described with respect to
Figure 8. Transition joint 150 includes a first bore 166 therethrough communicating with the

production bore 16 in the tubing hanger 15 within wellhead 14 and a second bore 168 passing

therethrough which communicates with the annulus bore 18 in the tubing hanger 15 within

' wellhead 14.
| Referring now to Figures 3, 4, 10 and 11, upon assembly, upper and lower cages 76 and
- ' ;72, form a guide slot'170. Guide slot 170 is formed by the lower surface 133 of cover 132 of
upper cage 70 and the upper surface 135 of cover 132 of lower cage 72. A gap 172 is formed
by the lower s-urface_ 137 of cover 132 of lower cage 72 and the upwardly facing surface 174 of
the upper terminal end of transition joint 150. Guide wings 120 on guide end 110 of tube 40

are disposed in guide slot 170 and lower enlarged diameter ehd 122 on guide end 110 is disposed

11
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| ower terminal end of the t ube; FIG 4 is a cross-sectional view at plane
,4-4 in FIG 3 of the yoke, hydraulic actuator, and tube of the bore
sel ector showing the yoke in its |owernost position with the tube
comuni,gain 1 Y92 h 4 REnRAQH G LEP T BReE Blodsdfaelit®Rd is provided between the
bearing surfaces of wings 120 and the cover surfaces 133, 135 formed by guide slot 170. The
bearing surfaces of wings 120 bear on the upper and lower surfaces 133, 135 of covers 132 on
cages 70, 72 to hold down and align the downwardly facing lower terminal end 118 of tube 40
and maintain end 118 parallel with upwardly facing surface 174 of transition joint 150. Close
tolerances may also be maintained. Wings 120 serve the same function as the head ori a T-bolt,
with covers 132 on the cage 70, 72 serving as T-slots. A m;)ment is applied by guide slot 170
to guide wings 120 thereby maintaining terminal end 118 of tube 40 parallel to the top end of
tube 40. Pu_rther, the double cages 70, 72 move the flexure point of tube.40 upward on the
- tube. |
" Tube 40 acts like a beam and is placed in pure cantilever causing the lower terminal end
118 of tube 40 to form a very small angle with upwardly facing surface 174, It is preferred to
minimize the cantilever by fixing imth ends of tube 40. The double cages 70, 72 and wings 120
minimize the angle at surface 174, It is also important to hold terminal end 118 square with
surface 174 for sealing purposes. | | |
The guide. slot 170 and wings 120 hold the lower te.rminal end 118 of tube 40 do:am as

‘tube 40 is shifted. The shifting of the lower terminal end 118 of tube 40 tends to raise end 118

+ off of upwardly facixig surface 174 by a few thousandths of an inch. The bending and shifting
l of tube 40 from side to side add.s stress to the long fubc causing it to stretch. Also a given
l\l tolerance stackup of tube 40 may cause tube 40 to be longer. Thus, a small clearance is
provided between lower terminal end 118 and upwardly facing surface 174 to allow for this

lengthening of tube 40. Floating seal means 130 is designed to establish a seal across that clearance.

12
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-4- FIG 5 is a cross-sectional elevation view of the bore
.sSelector with the hydraulic actuator having noved the yoke to its

uppernost position with the tube comuni - - cation with the annul us bore

of the wel [Refating now to Figures 3@nd 3A3 floatsssealemeansral ivdledesain aphalaeskoe@60n

FI G 5 show ng the tube shifted into conmunication with the annul us

bor e agvifpawadidedrdismeter portion 267 fdPming b upwEURA fici@Cdrin@ Rl shehigy@ 60 Wikl ew
of the upper end of "the bore select show rig the selector attached to
reduced diameter portion 262 being received within a counterbore 266 within enlarged diameter
portion 122 on the terminal end 274 of guide end 110 of tube 40. Reduced diameter portion 262
includes an outwardly facing groove 268 housing an elastomeric seal 272, such as an O-ring,
which sealingly engages the inner annular wall.of enlarged diameter portion 122 of guide end
110. Floating sealing means 130 further includes a plurality of Belleville spring washers 270
mounted around reduced diam_eter portion 262 and disposed between upwardly facing annular
shoulder 264 and the downwardly facing annular terminal end 274 of enlarged portion 122, The
- downwardly facing tefmfnal én& -118 of shoe 260 includes a.rib 276 forrr.ling innef and outer
annhlar.grooves 278, 279., respectively, for receivirig inner and outer aﬁnular metal seal rings
280, 282, resbectiveiy. -As shown in Figure 3A, the thickness of seal rings 280, 282 is greater
than the height of rib 276 such that metal seal rings 280, 282 form a metal-to-metal seal with'
the upwardly facing surface 174 of transition joint 150.

In operation, the stack. of Belleville spring washers 270 preloads shoe 260 downwardly
against upwardly facing surface 174 forming an initial seal between metal seals 280, 282 and
surface 174. Washers 270 also permit sealing at low pressdres. In addition to the prelo;d of

I e Belleville spring washers 270, the internal and external pressures on shoe 260 aid in the
sealing engagement of metal rings 280, 282 with udely facing surface 174. There is a net
downward force from internal pressures since the diameter D, of reduced diameter portion 262

is greater than the inside diameter D, of rib 276. There is a net downward force from extemnal

pressure due to the outside diameter D; of rib 276 being greater than the diameter D, of reduced

13
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coi l ed t ubi ng and a riser extending to the surface; FIG 8is a

cross-sectional elevation view of the upper end of the bore selector
connected to concentric risers extending to the surface; FIG 9
is an el evatign. vi t. | f th be . .

ol oot Gpmel pORioh 2R TeiflErlt b Rede8 upbiiThe ypper il sPAyck OGRS porion
FIG 9; FIG 11 is a cross-sectional view at ang 11-11 )

FI'G 9262 and the cpleal BFessirecacty gaan decsoser 26 8 st Do brcs ﬂ@ge%aé"e

of the bore selector, FIG 13 is a top view of the cage shown in

FI G 1spring washers 270 and the net downward force due to internal and external pressures cause
metal seals 280, 282 to maintain a metal-to-metal seal with the upwardly facing surface 174 of
transition joint 150. Sealing means 130 is designed to allow end 118 to float with respect to
surface 174. Clearance is p_rqvided on the outside diameter which allows sealing means 130 to
float angularly so that even if there is some misalignment of tube 40 or clearance with surface
174, sealing means 130 will accommodate for that misalignment and clearance and still maintain

| a seal. _ '

- Referring now'to Figures 3, 14, 15 and 16, yoke 50 includes a pair of parallel side plates

176,178 disposed between top plate 180 and bottom plate 182, Sicie plates 176, 178 preferably

have aligned 45 degree cam slots 190 although the angle may vary depen&ing u1.)on friction and

pressure. Cam slots 190 include an upper detent 192.and a lower detent 194 which serve as
mechanical locking means for locking tube 40 in place and provide an indication at the surface

that tube 40 is in position. The de-te.nts 192, 194 are recesses at each end of the cam slot 190.

ﬂe lugs 112 are moved an ei_gh;th._ of an inch past center to lock lugs 112 into detents 19?;, 194,

The:'tube 40 acts like a ca.ntilévgr beam or spring to maintain lugs 11-2 in detents 192, 194.

- Guide slots 190 form bearing surfaces 196 whiqh eﬁgagc the bearing surfaces 114 of guide lugs

112 on guide end 110 of tube 40. As the yoke 50 cams the lugs 112 along the 45° slot 190,

they will move toward the cen;’t_’arﬁne of the assembly and click into the detents 192, 194. The

resistance to the bending of tube 40 causes lugs 112 to click into the detents.
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sFIG 14 is a cross-sectional elevation view of the yoke of the bore
sel ector; FIG 15 is a top view of the yoke shown in FIG 14
FIG.16 is a cross-sectional view at plane 16-16 of FIG 14 show ng

t he botto b h s-sectional el evation
vi ew of t %"% plafe E\%pd ¥sca g’cfrﬂgﬂ ﬂ%ﬂﬁ@%\r@}g‘?r 't'eﬁ%'vﬂ'é”rtg € JQ¥ I Grof tayedO.
FIG 18 is the cross sectlona,l el evatlon V|few of FIG 17 with the

hydr ZulPRY @lc BpRItUrRY 18R A%e Previdedkt ogsaeh U-shaped apsrgire 184 for hydraulic
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT Referring initially to
FI G attuatiing means 68hdwautphtel §foiseprovided for hydraulic lines 144 shown in Figure 3. The

bottom plate 182 also includes a U-shaped aperture 185 for receiving the lower end of tube 40,
Likewise, bottom plate 182 includes a cutout 189 for hydraulic tubing 144. As distinguished
from top plate 180, bottom plate 182 includes a pair of apertures 206 on each side of U-shaped

recess 185 for receiving the hydraulic actuating means 60, as hereinafter described.
Referring now to Figures 3, 4, 17 and 18, the hydraulic actuating means 60 includes a
pair of 1.)i_stons 200 and cylinders 202, one on each side of yoke 50. Each cylinder 202 includes
- identical top and bottom plugs 206, 208 secured to its ends by fasteners such as bolts 210, 228.
Top and bottom plugs 206, 208 include bores 212, 214, respectively. Each piston 200 includes
an upper shaft 216 extending upwardly through aperture 212 and a lower shaft 218 extending
through lower aperture 214. Plugs. 206, 208 an.d piston 200 are appropriately sealed with the
inner wall of cylinder 202 by sealing means, well known in the art, for containing the hvdraulic
fluid within cylinder 202. Hydraulic ports 220, 222 aré -connected to hydraulic lines 224, 226;
" best shown in Figure 3, which extend to the surface to hydraulic controls for actuating hydraulic
actuating means 60. Both pistons 200 and cylinders 202 are cori.'nected hydraulically in parallel
‘ such that only two control lines 224, 226 are require& from the surface to actuate Soth piston
and cylinders. The pistons 200 move together in parailel. The hydraulic fluid inputs into one

cylinder with a tee going to the other cylinder.

Hydraulic actuating means 60 also includes upper and lower hydraulic fluid release means

240, 242, respectively. Referring particularly to Figure 18, piston 200 includes a lower relief
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sel ector 10 of the present invention. Although the bore sel ector may
- be used f.or communi cating any upper bore with one or nore | ower bores,
“ the bore selector 10 of the present invention is preferably used in

the, oil field 5
valve 244 as a part of upper hydrauhc fluid release means 240 and an upper relief valve 246 as

a part of lower hydraulic fluid release means 242. Cylinder 202 includes an upper and lower

relief groove 248, 250 which is in fluid communication with relief bores 252, 254, respectively.

Upper and lower plugs 206, 208 include communication ports 256, 2358, respectively wﬁich

provides fluid communication between upper and lower hydraulic liﬁes 220, 222 and relief lines

252, 254 in the cylinder wall of cylinder 202, respectively.

During the up stroke, hydraulic fluid pressure is placed in control line 226 below piston

200. The hydraulic pressure below piston 200 opens lower relief valve 244 with the spring of

upper relief valve 246 causing upper relief valve 246 to be closed. The hydraulic fluid above.
‘ piston 200 is vented through hydraulic line 220 into control line 224. As piston 200 reaches its
upperfhoét po.sition within cylinder 202, lower relief valve 244 becomes aligned with upper relief
groove 248, 'i'he h&drauﬁc pressure from contrpl line 226 is then vented by by-passing piston
200 via relief line 252, port 256 and hydraulic line 220. The operaﬁon of hydraulic actuating
means 60 is reversed during the down stroke. The venting of the hydraulic pressure provides
an indication of the stroke of the piston 200. Further, relief valves 244, 246 reduce the number
of hiydraulic lines required for the hydraulic actuating means 60. ‘

A dual shaft piston and cylinder is preferred for the hydraulic actuating means 60. A

single shaft piston anci cylinder is not pressure balanced and if exposed to pressure will havea .
tendency to return to its original position. A dual shaft.piston is pressure balanced and if control
lines leak or are exposed to annular pressure, there is no tendency for the yoke 50 to reciprocate
so as to shift the tube 40 from side to side. If the tube 40 is connected to the production bore

16 and the annulus bore 18 communicates with the annulus 84 around the tube 40 in the housing
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for subsea wells to connect a riser 12, extending to the waters surface, to
a subsea wel | head 14 having multiple bores extendi ng downhole. As discl osed
"in U S Pat. No. 4,770,247, incorporated herein by reference, riser 12

i ncl udes, andifth@hhhuPborRigtessiRCls KPS eWblishodcPadiodd-the 8fnRieredita tingRNMafio
forma riser string which'extends fromthe subsea well head 14 to tRe

v e U 856t PR SRR, 0l pHAE e Sl o B it e
utit th’f(r)]g gu Jutai Eila?t f)ilﬁl-t%in %%Jasr:%{:sl 219)? 'cxtlexr']naj g?esgqu%%i:a_use the pressure acts equally both
on the top and bottom shafts.

The lower end of cylinder 202 is received within counterbore 142 in cover 132 of upper
cage 70. Cylinder 202 is affixed to upper cage 70 by fasteners such as bolts 228. The cylinder
extends upwardly from the top of upper cage 70 through.' apertures 206 in bottom plate 182 of ‘
yoke 50. The upper shaft 216 of piston 200 abuts against the lower surface of top plate 180 of |
yoke 50 and is connected thereto by a fastener such as b‘plt 230. The cylinder 202 pro;/ides a

- dﬁal function, it provides a guide to the stroke and reciprocation of yoke 50 and it also holds
the yoke 50 from rotation within the housing 30. The motion of the yoke Sd do<;s fnot cause it
to have a tendency to rotate. _ |

In the assembly of the dual bore selector 10, the guide tube 110 is welded at .232 shown
in Figure 3 to a length of pipe forming tube 40. Tube 40 is inserted into tﬁe U-shaped apertures
184, 185 c;f yoke 50. Likewise, tubing 40 is inserted into the U-shaped apertures 138 of upper
and lower cages 70, 72, The hydraulic actuating means 60, and in particular cylinders 202, are
mounted within a;éértures 206 adjacent each side plate 176 of yoke 50. The upper shaft 216 is

. bolted to the top of plate 180 of yoke 50 at aperture 186 and the lower end of cylinder 202 is

inserted into counterbore 142 and bolted to the cover 132 (_)f upper cage 70. This assembly is
then inseﬁed into the central bore 32 of housing 30 through the lower end of housing 30 until

upper cage 70 engages downwardly facing annular support Shoulder 146. Riser adapter 38 is

then inserted over the upper end of tube 40 with lock nu;? -3_68 threadingly engaging the upper

17
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ment shown in the Figures, the nmultiple well includes two bores and thus
selector 10 is shown as a dual bore selector. A tubing hanger 15 is
supported within well- head 14, as shown in FIG 1, and includes a
production bore 16 and a annul us bore_18 extendi ng downhol e. The | owest
sect i oterminal gad QfshigeA0 wheebys adamerr 3§ pears against uprarHR dadee aepWHeshgplder
end of dual bore selector 10 and the | ower end.of dual bore selector 10 is
connec#2of thmuainguB0.ngleadupd boresseleaigr 1045 Uk camasted ¢l theotapedl] tubing Hanget n
t he present invention, the dual bore selector 10 is run through a drilling

riser hfnitgtodl 20 ivehiblaslppbfs @ tibikg hghgeaane@ sirihp of kubing (ot showm). tAsake tubing he
pur pose of per- form ng downhol e operati ons. '
string is lowered into the well through the blowout preventer stack, sections of riser pipe 12 are
added. |

In operation, the dual bore selector 10 includes a first position shown in Figure 1
whereby the tube 40 communicates with production bore 16 via bore 166 in transition joint 150,
As shown.in Figure 3, yoke 50 is in its lowermost position with piston 200 also being in its
lowermost position within cylinder 202. Guide lug 112 is housed in detent _1_92 at the uppermost
- location of 45 degree guide slot 190. Housing 30 is an extension of the annulus bore 18 if the
tube :40 were aligned with the production bore 16 of it is the production bore 16 if the tube 40

is aligned with the annulus bore 18.
| Referring nﬁw to Figure 2, there is shown the dual bore selector 10 in another position
with tube 40 in communication with annulus bore 18 via bore 168 in trgnsition joint 150, To
shift tubing 40 from production bore 16 to arinulus bore 18, hydraulic actuating means 60 is
actuated by h)'(draulic fluid passing into the lower portion of cylinder 202 below piston' 200.
Upoﬁ actuation of hydraulic ac.tuating means 60, the piston 200 moves upwardly \a;.ith upper shaft
-s 216 as shown in Fig.ure 18 forcirig yoke 50 upwardly ipto th_; position shown in Figure 5. Upon
the upward movement of yoke 50, guide lug 112 engages the 45 degree bearing surfaces 196 of
guide slot 190. As guide lug 112 travels upward in guide 53°t 190, tubing 40 is forced to shift
toward annulus bore 18. The lower end of tube 40 shifts ;Pi)roximately 5-3/8 inches between

the centerlines of bores 16, 18. Tube 40 within yoke 50 tfavels an additional distance forcing
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The function of dual bore selector 10 is to provi de comruni cati on between
the bore of riser 12 and one of the nmultiple bores extendi ng downwardly
into the well, such as production bore 16 or- annulus'bore 18, for com

pl etign. 0 r bor
bscentlghiiesitiz O LRLeIRE Bk 8N int 4R Pt RRE F1 S Fioph e BB Bigmentne

purpose for selectin ab,_r_e s.to install a rel e, bl anki ng plug. A
bl ankﬁ%‘op‘lhﬁgi‘% eRETERIR | gésém“’sﬁ Herigp tué’r‘deaid’é i< isdersiviad yelower ong.
The bl anki ng pl ug or slick I|ne plug is lowered by wire Iine and may be run
t hr ougﬁestel%cwuh tule 4Oabigrad with anpelup botutl.i Gvideowingsel 26y on He lawenlead ofor e
18. ‘The dual bore selector 10 includes a housing 30,

tube 40 travel within guide slot 170 formed by upper and lower cages 70, 72. The engagement

of guide wings 120 within guitjé slot 170 maintains the downwardly facing terminal end 118 of
tube 40 parallel with the upwar_dly'facing surface 174 of running tool 150. Floating seals 130
continuously sealingly engage the upwardly facing surface 174 of transition joint 150 to maintain

sealed fluid connections with either production bore 16 or annulus bore 18.
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whi ch is preferably a tubular nmenber having a central bore 32 therethrowh,
. and conduit nmenber 40, such as a tubul ar nenber or tube housed within the
central bore 32 of housing 30. The housing 32 may be designed to vviths‘[fa’r(

pressures up to 50,000 psi dependi n%[%)ﬁr%

1. A bore selector comprising:

a housing having a first end with at least a first bore and a second end with at
least second and third bores, said housing having a central bore extending between said
first and second ends;

a conduit member having a flow bore therethrough with a first terminus connected
to said first end communicating said flow bore with said first bore and a second terminus
adjacent said second end for communicating said flow bore with one of sai_d second or

' third bores;
. " a yoke having an aperture therethrough for receiving said second terminus, said
yoke being rwipr@bly mounted within said central bore édjacent said second end;

a guide disposed on said yoke and said f:onduit member for shifting said second
terminus between a ﬁfst position where said flow bore communicates with said second
bore and a second position where said flow bore communicates with said third bore; and

means for reciprocating said yoke to cause said guide to shift said conduit member
between said first and second positions. .

2, The bore selector of claim 1 whérein said guide includes a key mounted on said conduit
. member, said key be.ing disposed within a cam slot in said yoke. -

3. The bore selector of claim 2 wherein said cam slot forms 45 degree cam surfaces on said
yoke for engaging 45 degree bearing surfaces on said key.

4, The bore selector of clair_.ﬁ 2 wherein said cam slot incl'udes detentes for locking said key

in said first and second positions.

LT T sl
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'6- I nside and outside dianeter and the material of housing 32. Tube 40
. I'ncludes a long flexible tubular nenber, approximtely 30 feet |ong, which
is preferably made of steel but may be made of titaniumto shorten the

| engt 15, 0f tTHeeHtR seldetbeofflains 1deghariacluling firfiing 3ERNIREESsHsPREEB SR said
(internally and externally) as the tubing hanger, Christmas tree and

o gL 01 g BB AR ASE Tk SO ol
said second terminus parallel with said second end.
6. The bore selector of claim 1 further including guide surfaces disposed within said housing
and engaging bearing surfaces on said conduit member for maintaining said second terminus in
parallel relationship with said second end as said conduit member shifts from said first position
to said second position,
7. The bore selector of claim 1 further including a seal member disposed on said second
terminus for sealingly engaging said second end.
‘ 8. The bore .selector of claim 7 wherein said seal member is movai:ly disposed on said
- second terminus whereby said second terminus may be atan ;mgle to said second end.
9. The bore selector of claim 7 wherein said seal member in'c.ludes -inner and outer seal
grooves housing inner and outer metal seal rings. .

10.  The bore selector of claim 7 wherein said seal member includes differential pressure

areas allowing intemnal and external pressures to move said seal member into sealing engagement

L4

with said second end.

“11.  The bore selector of claim 7 wherein said seal member includes sealing means for
P sealingly engaging said second end and biasing means for biasing said sea]ing means against said
second end.

12, The bore selector of claim 11 wherein sealing means includes at least one metal ring

disposed on said seal member.

W .
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ing 30 as the lower termnal end of tube 40 is noved fromone bore to the
_other. As best shown in FIG 3, dual bore selector 10 further includes a
yoke 50 for shifting the |ower end of tube 40 between production bore 16
and abhul uThobers seRctompd cliimild whargiatssid hiesdrsmedisiineludess plealit ofelipvile 50,
and a pair of upper and | ower cages 70, 72 for positioning and sealing the
| ower spefitg washetsbe 40. Referring nowto FIGS. 1 and 7, the upper end 36 of
housi ng -30 incl udes suitable nmeans, such as a threaded box 34, for

| g gnn 2?& | NOTHOWSIeNGIGR0rt OF E18Rn |10WREreeGHd ?er@fnctuﬂ@s GPSdrnid Sbwemnapediurés R
n adapter 38 is sup- ported within threaded box 34 by an upwardly
Fact n,e passage of said conduit member therethrough and for allowing said conduit member to shift
within said yoke, said yoke further including parallel sides on which said guide is disposed.
15.  The bore selector of claim 1 wherein said reciprocating means includes a hydraulic
actuator having one end affixed to said second end of said housing and another end affixed to
said yoke.
16.  The bore selector of claim 9 wherein said hydraulic actuator includes a balanced piston.
. 17.  The bore selector of claim 15 whérein said hydraulic actﬁator includes a piston and
cylinder;
said cylinder having an upper and lower relief port for relieving the fluid pressure upon
the reciprocation of said piston within s'aid cylinder and upper and lower bypass ports;
said piston including upper and lower relief valves, said lower relief valve being in
communication with said upper bypass port upon said pistorlx moving to an uppermost position
within said cylinder and said upper relief valve being in communication with said lower bypass
port upon said piston moving to a lowermost position within said cilinder; ,
- said lower relief valve being in the open position and said upper relief valve being in the

closed position in said uppermost position, said lower relief valve allowing fluid pressure to

bypass said piston in said uppermost position;

R
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downwar dl y tapering annul ar shoul der 42. The adapter 38 includes a reduced
di aneter portion 44 at its upper end to form an annul ar space for receiving
a connecting nut 46 which threadingly engages threads 48 of box 34 to bear

agai nst upwaiddippef fetieNgalas beihglin siopdtaiositidn @hd adandwer Rief YAOKbERE GV O3
are received by aligned apertures in box 34, connectlng nut 46, and adapter

38 L0 cRISEY G RANICGA 9wEiost Gok(iR daRenfRnl @ vl apbingthd BELUOST

ext er nal ar grooves recel I ng seal means 54, such
Qo ol S BPbhI B %ilge.ssa&fl%”%r%%%‘é‘h AL vl 5 of box s
threads 58 \ih%rrel;[)htrhg?gllner}%f >{hee ﬂ%‘i"%{;ﬂg prer;sure prov1des an indication of the stroke of said
- piston.
18. A bore selector comprising:

a housing having a first end with at least a first bore and a second end with at Jeast
second and third bores, said housing having a central bore extending between said first and
second ends;

' a conduit member having a flowbore therethrough with a first terminAus connected to said
first end commuﬁicating said flow bore with §aid first bore and a second terminus adjac;ent said
second end for commuﬁicatin;g said flow bore with one of said second or third bores; and |

~ shifting means for shifting said second terminus side to side within said central bore

between a first position where said flow bore communicates with said second bore and a secand

position where said flow bore communicates with said third bore.

l lllllll I lllll III!I H IIII
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pin of the |ower section of riser 12. A reduced dianeter annul ar

rib@,2§-———

projects inwardly adjacent the | ower end of Bore 56 to form upper and | ower

' facing annul ar shoul ders.

ABSTRACT

The upper end of tube 40 includes a reduced
. dianeter porti-on 41 form ng an upwardly facing annu-

The bore selector includes a housing with an upper end having at least a first bore and

a lower end with at least second and third bores. The housing includes a central bore extending

between the upper and lower ends. A tube has its upper end connected to the first bore and its

lower end adjacent the second and third bores. A yoke having an aperture therethrough for

passing the tube, is reciprocably mounted within the bore of the housing. The yoke includes

cam slots receiving guide lugs projecting from the sides of the tube. A hydraulic actuating

means is also mounted in the lower end of the housing for reciprocating the yoke whereby as

’, the yoke is reciprocated within the housing, the guide lugs move within the cam slots to shift

the lJower end of the tube between the second and third bores. A cage is mounted within the

Jower end of the housing to ensure alignment and sealing engagement between the lower end of

the tube and the face of the housing around the second and third bores.-
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to threadingly en- gage a rotation nut 68 op agai nst the

-7- | ar shoul der 64 whi ch engages the dowrThmsickiHab Beh Replaethul ar shoul
of rib 62. The reduced dianmeter por- tion 4_1 ﬁ R"!mhreaded at
upwardly facing shoulder of rib 62 to preve,t uc I'ng of tube 40

and al so allow foreshortening of tubeq4§. The small gap left between rib 62
and retainer all owsppim buckl i ng of g 0. Buck]fi ng i caused
by the | arge H@G duetog e'ecci?trlcally /%71562 ﬁ’ 5?'5'22 '
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1 oaded colum. The buckling may foreshorten tube 40. Slots 69 are al so
provided in retainer nut 68 for a span- ner w ench:-Annul-argrooves are
provi ded in the upper end of tube 40 to receive seal
pair of O rings,

Adapter 38 further includes a secon
to riser bore 56. Con- nection neans; 7
by flarel ess tubing, are provided at the upper end of

ting a length of coiled tubing 78 which extends to the

Is paralle
t hread and

bore 74 forﬁzzggg%

for sealingly engaging the annu
gore 74 exten

ough whi ch

guch as a

il

surface. The lower end 82 of bore 74 is in open connunicatiqﬁ?WE;K t he

annul us 84
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formed between tubing 40 and the inner annular wall

31 of housi-ng-30"W th

,annulus 84 being sealed by sealing neans 54, 73 of i adapter 38. Fl

can pass up through the annulus bore 18 ahdmsrgh&t

|cé§ from
“the wel | By Ing 78
at the top of housing 30. Another option is to includ - mﬁtshom)
i n housing 30 that allows returns to gjt@ up the chok§\ | [N Wi (not
shown) . Referring nowto FIG 8, I's shown an dl'terna- tive

enbodi ment of the riser adapter 38 of FIG 7 where concentric string risers
havi ng tubing 98 inside casing 96 extend to the surface. Ri ser adapter 80

. shown in FIG 8 g 'S‘Tr‘t‘l‘rrd—crd'é\a“uor AN herethr%&}g@fgr con- nection and

conmuni cation w
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| ower end of riser adapter 80 includes a reduced diame="ter portion 81
,formng an annul ar recess which receives a splif;cORARGLBRERYMced /-

~Connecting nut 47 is initially a split part whick ; thin recess ’
. 81 and then wel ded together. External threads 484“HHH“IHH”I| HFA

4/6
F1G.8
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-} 8 - gage the box 34 of housing 30 and the connectioiis-sealed in a

nanner substantially the same as that shown w th ThisSpeel, bR I] ser adapter
\r’jgof FIG 7. Apin 53 is press fit into an intern _'a'SB%'e cRleced i n box
34. Pin 53 prevents rotation of adapter 80 with!re __ il | ng 30.

Adapter 80 in housing 30 transmits torque to the tu unni ng t ool

40 or to the christnmas tree. Ri ser adﬁfﬁer 80 includes a single bore 85
g¢xt endi ng therethrough for receiving the upper end of tube 40 F/G
FIG.15 | 9
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whi ch |rrcl udes a box 86 havi ng external threads 88 for . threaded engagerrent
vmth/a’ support collar 90. The upper end of ri ser This aceddes a box
[ 92 Havi ng an upwardly facing shoul der 94 for enga ortl ng

. sdpport collar 90 to prevent excess bug i ng and

AToreshortening of tube 40. Collar 90 is Iut ed'to a ow t he- passage of

fluids. An outer riser pipe or casing 96 incl udes a pi n t hr eadi ngly
' engagi ng t-he tﬁ')/Z]?f ri seaadapg o 80. An inner riser pi ;65/@] bi ng 98

i s threadi'ngly connected t 100 which is slidingly received w thin
the box 86 of tube 40. 3 roqQ §s are provided in box 86 to receive
eI astomerlc seal.s 102, &LQ%:E\R,T—H’% for sealingly engagi_nq t he external
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annul'ar wal | of sub 100. Centering guides 104 are pro- vided onussbs¥ed for

cent-ering internal {lser string 98 within outer riser string 96. Guides 104

al'so al'low fluid bypass. Inner .and outer strings 98,96 respectively form an

annul us 106 whi ch communi cates with the annulus formed by the u

tube 40 and the annular wal | 85 of riser adapter 80. : pNﬁSQﬂEEﬂ
tube

";j'us BA forned betlween tube 40
3,9, 1,9 and 11, the lower endjo 0
.i’g a straight length of fige 2 45K ‘&bghe
d enQ1 0 @ﬁiéjgﬁ.lﬁﬁ of kdys or quide

The present invention relates generally to subsea wells having multiple tubing strings or
pores extending into the bore hole from a wellhead and with a riser extending to the water
surface, and more particularly, to a bore selector disposed between the riset and wellhead for
providing selective access between the riser and one of the individual bores.

Subsea wells with multiple bores have one or more tubing or production strings
suspended from a wellhead. A riser extends from the wellhead to a platform at the surface.
Oftentimes it is necessary to have access to individual bores for extending a wire line tool from
the surface into one of the bores. The dser includes multiple strings of riser pipe extending to
the surface typically with individual riser strings for each bore. However, individual riser
strings are very expensive. Many times these risers must be specially built to allow access to
each of the individual bores.

A dual bore selector selects either the bore for production or the bore to the annulus in
a dual bore completion. The dual bore selector is either connected above a tubing hanger
running tool or is tied back into the christmas tree, depénding on whether you are performing
a workover. A specialty riser is constructed which includes two casing strings.side by side to
tie back and communicate with the dual bores. The riser is usect to perform the initial
completion and the workover, Such -specia.lty risers are quite expensive and specialty risers in
45 foot sections for deep water may cost millions of dollars just for the risers. Thus, it is

preferred to only have one riser string extending to the surface thereby eliminating the other

sln'ng to reduce cost. REPLACE]‘;"E ) r.;G e
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112 projecting fromopposite sides of guide end 110. _Gui-de idicl ude
paral l el cam surfaces 114 prefer- ably at 45 degrees REMGE}ME 1 fl ow

‘axis 116 of tube 40 although such angle nay vary dueltp~TTTCtion an
pressure. Adjacent the |ower terminal end 118 of tubp ¥O0oa7 gEPHSREd hpprt
gui de wi ngs 120. As best shown in

U

-2 -

U. S. Pat-énl 4,770,24_7 discloses a mulliple bore well having a riser with a bore selector.
The selector is connecled at its Jower end 1o a subsea wellhead supporting multiple tubing strings
for completion and workover'opcrations. The selector is connected at its upper end to the lowest
section of the riser string extending to the sur.face. The selector includes an upper tubular
member having a single bore in flow communication with the riser string, a lower member
having muhiple"bores whjch align with the multiple bores of the subsea wellhead, and an
intermediate section having a rotary portion which communicates with the single upper bore and
selectively communicates with each of the individual lower multiple bores as the intermediate

section is rotated.
Various prior art patent;s disclose flowline switches or selectors. U.S. Patents 4,133,418;
4,223',700; 4,291,724; and 5,129,459 disclose a flowline switch or selector haviné al housing
with a rotor mounted the.rewi_thin to rotate a tubular‘passageway extending through the rotor so
as to connect an upper port to one of a plurality of ports at its Jower end. U.S. Patent
" 5,129,459 reciprocates and indexes the rotor tube up and dov;/r'l t'hereby rotating the tube between’
various lower ports.as the rot_dr tube rotates within the housing.

There are_' also several different types of diverter§ and diverter valves for selecting
between two coﬁdﬁits. U.S. Patents 2,752,944 and 3,664,376 illustrate push-pull type diverters
with a hoh’zontal!y reciproca_ti-ng piston; U.S. Patents 1,951,434 and 4,252,149 disclose flapper

“type diverters having pivoting diverter members; and U.S. Patents 2,586,144 and 3,834,418

show diverters havirig flexible members which are selecuvely moved between two conduits.

The present invention overcomes thc dcficxencxcs of thc prior art.
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- 9 - FIG 10, the outer radial surfaces of g de—tt m d guide

wi ngs 120 are parallel in the sanme vertical pl ER@L m nal end

122 of guide 110 has an en- | arged dianeter. The downwar dl y
a}fi?)SE

fac- ing end 118 includes sealing nmeans 130 hefeln pd@qasc iped in
further detail. Referring nowto FIGS. 3, 12}ja a pair pflupper and
| ower cages 70, 72, respectively, are-dBsposediin :

The bore selector of the present invention includes a housing with an upper end having
at least a first bore and a i_l.owc'r end with at least second and third bores. The housing includes
a central bore extending .b'e:twcen the upper and lower ends. A tube has its upper end connected
to the first bore and its Jower end adjacent the second and third bores. A yoke having an
aperture therethrough for passing the tube, is reciprocablj mounted within the bore of -the
housing. The yoke includes <-:am slots receiving guide lugs projecting from the sides of the tube.
A hydraulic actuating m‘éa,ns is also mounted in the lower end of the housing for reciprocating
the yoke whereby as the y;Jke is reciprocated within the housing, thé guide lugs move within the
cam slots to shift the lowef end of the tube between the second and thifd_bore_:s. A cage. is
mounted wit}iin the lower end of the housing to ensure alig:;ment and sealing éngagemeqt

between the lower end of the tube and the surface surrounding the second and third bores.

For a detailed desc_r_iption of the preferred embodiment of the invention, reference will
now be made to the_accoiﬁpa.nying drawings wherein:
Figure 1 is an elevation view, partly in section, of the bore selector attached to 2 riser
. atitsupperend and to a _mnn'ing tool and wellhead at its lower end with the bore sélector being
shown communic#ﬁng with the .production bore of the wellhead;
Figure 2 is the bore selector of Figure 1 with bore seléctor being shown communicating

with the annulus bore of the wellhead;
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| ower end of housing 30. Referring particularly to FIGS. 12 and 13, upper
cage 70 includes a generally circular cover 132 havi-hg—dewawarety—extendi ng
annu- lar sides 134 fornming a cylindrical cavity 13¢6REPIOACEMENT gHEEDdes a
U-shaped aperture 138 and arcuate aperture 140. U shaped™ Ure 1Ip8j acts
as a guide slot for the |l ower guide end 110 of tubef4 e ppprture
140 receives a plurality of hydraulic cbntrol lines|1l 4ﬂg&W?FI G| 3 for
downhol e equi prent such as subsurface safety val ves. ' t el bor es
142 are provided on each side of U shaped aperture receiving and
attaching the | ower end of hydraulic actuating nean er

described. The ﬁgl':#e'}q?E %ro%ggeg?igg’a]feie)éaetgohtv?ew of the lower end of the bore selector mountec

to the upper end of the tufning hanger running tool and showing the yoke, cage and hydraulic
actuatc;r for the tube extending through the houstrig of the bore selector; ’

Figure 3A is an enlarged cross-sectional view of detail A shown in Figure 3 illustrating
the floating scﬂ on the lower terminal end of the tube;

Figure 4 is a cross-sectional view at plane 4-4 in Figure 3 of the yoke, hydraulic
actuator, and tube of the bore selector showing the yoke in its Jowermost position with the tube
communicating with the production bore of the wellhead;

figurc 5 is a cross-sectional elevation view of the bore selector with the hydraulic
actuator hav.ing moved the yoke to its uppermost position with the tube communicating with the
annulus bore of the wellhead; |

Figure 6 is a cross-sectional view at plane 6-6 in Figure 5 showing the tube shifted into
communication with the annulus bore as shown in Figure 5;

Figure 7 is a cross-sectional elevation view of the upper end of the bore selector showing
the selector attached to coiled tubing and a riser extending to the surface;

Figure 8 is a cross-sectional elevation view of the upper end of the bore selector

connected to concentric ﬁseré extending to the surface;
Figure 9 is an elevition view of the guide end of the tube of the bore selector;
Figure 10 is a cross-sectional view at plane 10-10 of Figure 9.; |
Figure 11 is a cross-sectional view at plane 11-11 of Figure 9;
Figure 12 is a cross-_sactional elevation view of the cage of th¢ bore selector;

Figure 13 is a top view of the cage shown in Figure 12;
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upper cage 70 with the cover 132 of cage 70 affix MERTs j oi nt
150 herei nafter descri bed. It is preferred that P SHEEE 70, 72
as shown in FIG 3. A single cage could be used byt meﬁ}g Pq the use
of a "floating" type face seal means 130, hereinaftéer <de E [ Up er and
| ower cages 70, 72 are nested agai nst downwardly faging apnular sholul der
146 of housing 30. An alignment cylindefP 148 is affixed to cover 13P by a
bolt 152. Cylinder 148 includes a drilled hole an —+ecei ve
the shaft and head of bolt 152 respectively. Cylinder 148 is housed in
mlled slots 154, 156 cut in the tops of covers 132. A mlled slot (not
shown) is al soqum/iﬁada qrnssmumnn!gclmupo vaeve ofrths-yoke of the bore selector; .

O Q

Figure 15 is a top view of the yoke shown in Figure 14;
Figure 16 is a cross-sectional view at plane 16-16 of Figure 14 showing the bottom plate

of the yoke;

Figure 17 is a cross-séctional elevation view of the hydraulic actualing means of the bore

selector; and

Figure 18 is the cross-sectional elevation view of Figure 17 with the hydraulic actuating

means in the uppermost position.

. Referring initially to Figure 1, there is shown the bore selector 10 of the present
invention. Althoﬁgh the b__ore selector may be used for communicating any upper bore with one
or more lower bores, the bore selector 10 of the present invention is preferably used in the oil
field for subsea wells to connect a riser 12, extending to the waiers surface, to a subsea wellhead
14 having mulnple bores extendmg downhole. As disclosed in U.S. Patent 4,770,247,
incorporated h_f_:r._ein by re_fe_rence, riser 12 includes a plurality of pipe sections which are
connected end to end to fdrm a riser string which extends from the subsea wellhead 14 to the
water’s sur.face.- The b‘oré selector 10 is used with mﬁltiple bore wells, such as wells having
multiple bore tubing hang-ér's or christmas trees utilizing multiple tubing strings. In the

) embodiment shown in the Fxgurcs, the multiple well includes two bores and thus selector 10 is
shown as a dual bore selector. A tubing hanger 15 is supported within wellhead 14, as shown
in Figure 1, and includes a Rrodu_ction bor_g 16 and a annﬁlus bore 18 extending downhole. The

lowest section of the casin'g'-= string used for riser 12 is connected to the upper end of dual bore
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date cylinder 148. Upon assenbly, alignnment cylinde I—-f—+he
.mlled slots nmaintain alignnment anongst U shaped ap @Q@merst
and second bores 166, 168 hereinafter described. Up cage 70 bears
agai nst downwardly facing annul ar shoul der 146 with |jowér/ %@932 Redri ng
agai nst the | ower annular term nal end 671 of upper jcgge 70.

(D,

1)

selector 10 and the lower end of dual bore selector 10 is connected to a tubing hanger running
tool 20 connected to wellhead 14.. In the present invention, the dual bore selgclor 10 is run
through a drilling riser to run or tie back to a tubing hanger 15 or a christmas tree for the
purpose of performing dbwnhole operations.

The function of dhal bore selector 10 is to provide communication\__-.bétween the bore of
riser 12 and one of the multiple bores extending downwardly into the well, such as production
bore 16 or annulus bore 18, for completion and workover operations. The dual bore selector
10 acts essentially like a \falvc_ and is used to select one bore or the other. One purpose for
selecting a bore is to install a wire line blanking plug. A blanking plug has a fairly large outside

_ digmcter and is several feet long. The blanking plug or slick line plug is lowered by wire line
and may be run through selector 10 into either the production bore 16 or the annulus bore 18.

The dual bore selector 10 includes a housing 30, which is preferably a tubular member
having a central bore 32 therethrough, and conduit member 40, such as a tubular member or
tube housed within the central bore 32 of housing 30. The housing 32 may be designed to
withstand pressures up to 50,000 psi depending upon inside and outside diameter and the
material of housing 32. Tube 40 includes a long flexible tubular member, approximately 30 feet
long, which is preferably made of steel but may be made of titanium to shorten the length of
tube 40. Tube 40 is designed for the same working pressure (internally and externally) as the
tubing hanger, christmas tree and blowout preventer stack. Tube 40 is fixed at the top and
alldwed to shift at the bottém'by flexing and bending elastically within housing 30 as the lower
terminal end of tube 40 is mdved from one bore to the other. As best shown in Figure 3, dual

bore selector 10 further includes a yoke 50 for shifting the lower end of tube 40 between
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st t he
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- 10 - A transition joint 150, projecting fro EHIBAOEMQNTE y
hanger running tool 20 or a christmas tree runningjt ol —bea oYar-1

| ower annul ar termnal end 75 of | ower cage 72. Tranpgi b

have different configurations dependi ng upon bore pp c?r?gngggég
and whether the bore selector 10 is used to run a fus hanger
christmas tree. Transition joint -7 -

production bore 16 and annulus bore 18§, hydraulic actuator means 60 for reciprocating yoke 50,
and a pair of upper and lower cages 70, 72 for positioning and sealing the lower end of tube 40.

Referring now to Figures 1 and 7, the upper end 36 of housing 30 includes suitable
means, such as a threaded box 34, for connecting housing 30 to the lower section of the casing
string of riser 12. An adapter 38 is supported within threaded box 34 by an upwardly .._cing,
downwardly tapering annular shoulder 42. The adapter 38 includes a reduced diameter portion
44 at its upper end to form an annular space for receiving a connecting nut 46 which threadingly
engages threads 48 of box 34 to bear against uanrdly facing annular shoulder 52 of adapter 38.
Lock scre.ws 53 are received by aligned apertures in box 34, connecting nut 46, and adapter 38
to prevent connecting nut 46 from disengaging.

Adapter 38 includes external annular grooves receiving sealing means 54', such as a pair
of O-rings, which _sealingl_y engége the internal annular wall 35 of box 34. Adapter 38 further
includes a riser bore 56 therethrough having upper threads 58 for threadiqgly engaging the pin
of the lower section of riser 12, A reducéd diameter annular rib 62 projects inwardly adjacent
the lower end of bore 56 to form upper and lower facing annular shoulders. The upper end of
tube 40 includes a reduced diameter portion 41 forming an upwardly facing annular shoul-der 64
which engages the downwgrdly_ facing annular shoulder of rib 62. The reduced diameter portion
41 of tube 40 is threaded at 66 to threadingly engage a rotation nut 68 which acts as a stop
against the upwardly facing shoulder of rib 62 to prevent excess bucﬂing of tube 40 and also
allow foreshortenir;g of tube 40. z-l-’l-‘he small gap left between .rib 62 and retainer nut 68 allows |
limited buckling of tube 40, Buckhng is caused by the large force due to the eccentrically

loaded column. The buckling ﬁiay foreshorten tube 40. Slots 69 are also provided in retainer
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threads 164 of |ower box 165 of housing 30. Retaijn
i ke that of ret ai ner nut 47 shown and descri bed jwi

with the production bore 16 in the tubing hanger
a second bore 168 passing there- through which comunicates with the
annul us bore 18 in the tubing hanger 15 within well head 14. Ref erri ng now

to FIGS. 3, 4, 10 and 11, upon assem
nut 68 for a spanner wrench. Annular grooves are provided in the upper end of tube 40 1o

receive sealing means 73, such as a pair of O-rings, for sealingly engaging the annular wall 39 '
of adapter 38. |

Adapter 38 furthér includes a second bore 74 extending therethrough which is parallel
to riser bore 56. Connection means 76, such as a straight thread and O-ring by flareless tubing,
are provided at the uppér- end of bore 74 for connecting a length of coiled tubing 78 which
exlends to the surface. The lower end 82 of bore 74 is in open communication with the annulus
84 formed between tubing 40 and the inner annular wall 31 of housing 30 with annulus 84 being
sealed by. sealing means 54, 73 of adapter 38. Fluids from the well can pass up through the
annulus bore 18 and inté coiled tubing 78 at the top of housing 30. Another option is to include
a valve (not shown) in houSing 30 that allows returns to pass up the choke and kill Jine (no't
shown).

Referring now to F,igure' g, the;re is shown an alternative embodiment of the riser adapter
38 of Figﬁre 7 where cor_méntn'c string risers having tubing 98 inside casing 96 extend to the
surface, Riser adapter 80 shown in Figure 8 does not include ;1 bore therethrough for connection
and communication with cqi_led tubing. The lower end of riser adapter 80 includes a reduced
diameter portion 81 form-ing_'a{_\'.,annula.r recess which receives a split connecting nut 47,
Connecting nut 47 is iniLi-_a‘-_l-lj a sblit part whiéh is received within recess 81 and then welded
together. External threads 48 threadingly engage the box 34 of housing 30 and the connection
is sealed in a mannef substantxallythc same as that shown wi_th respect to riscr' adapter .38 of

Figure 7. A pin 53 is press fitinto an internal diameter siot in box 34, Pin 53 prevents rotation
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bly, upper and | ower cages 70 and 72, forma gu
Is fornmed by the | ower surface 133 of cover 132
upper surface 135 of cover 132 of |ower cage 72.
| ower surface 137 of cover 132 of |ower cage 72
surface 174 of the upper termnal end of transi
120 on gui de end 110 of tube 40 are dWi%posed in
enl arged di aneter end 122 on guide end 110 is d

A A TO—G-de slot 170
BRPLACEMENT, SRERThnd ¢ he
A gap 172 1S rfred by the
and 2h8EPPeg dl y faci ng
bn j oi nt 150. Gy de wi ngs
gurdestot—++-a | ower
sposed within gapg 172. A

m ni rum of ten to fifteen thousandths cl earance

beari ng %waagﬁ@fss@fwiw ragecill B0hathgt 112 Q@YMEr SOIGA
gui de slot 170: The bearing surfaces of w ngs

i s provi ded perween the

A6@MpLAB rark A i HE D Y

tubing hanger running tool 20 or to th christmas tree.

Riser adapter 80 includes a single bore 85 extending therethrough for receiving the upper
end of tube 40 which includes a box 86 having external threads 88 for threaded engagement with
a support collar 90. The upper end of riser adapter 80 includes a box 92 having an upwardly
facing shoulder 94 for cng_ag—iﬁg and supporting support collar 90 to prevent excess buckling and
also allow the foreshortening of tube 40. Collar 90 is fluted to allow the passage of fluids. An
outer riser pipe or casing 96 includes a pin threadingly engaging the box 92 of riser adapter 80.
An inner riser pipe or tubing 98 is threadingly connected to a sub 100 which is slidingly received
within the box 86 of tube 40. Internal grooves are provided in box 86 to receive elastomeric
seals’ 102, such as O-rings, for sealingly .engaging the external annular- wall of sub 100.

Centering guides 104 are provided on sub 100 for centering internal riser string 98 within outer

riser string 96. Guides 104 also allow fluid bypass. Inner and outer strings 98, 96 respectively

form an annutus 106 which commﬁnicatgs with the annulus formeﬁ by the upper end of tube 40

and the annular wall 85 of riser adapter 80. Thus annulus 106 communicates with annulus 84

formed between tube 40 ‘and housing 30. .
Referring now to Figures 3, 9, 10 and 11: the lower end of tube 40 includes a guide end

110 welded at 232 to a straight length of pipe forming the upper portion of tube 40. Guide end

- 110 includes a pair of keys or guide lugs 112 projecting from opposite sides of guide end 110.

Guide lugs 112 include pa.ra.l‘l'el. cam surfaces 114 preferably at 45 degrees from the vertical flow
axis 116 of tube 40 although’_z_sflgf:h angle may vary due to friction and pressure, Adjacent the

lower terminal end 118 of tube 40 are Spéccd apart guide wings 120. As best shown in Figure
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120 bear on the upper and | ower surfaces 133, 135
70, 72 to hold down and align the dowwardly faci

cages
end 118

of tube 40 and maintain end 118 parallel with up rdIQ?f&Equ;; surff dce 174
of transition joint 150. Cl ose tol erances may al 4o jbe mai nt ali ned WV ngs 120
serve the sane function as the head on a T-bolt, jwTh covers—l32iofp t he

cage 70, 72 serving as T-slots. A noreritO i-s appli by gui de sl ot

10, the outer radial surfaces of guide lugs 112 and guide wings 120 are paralle] in the same
vertical plane. The lower terminal end 122 of guide 110 has an enlarged diameter. The Jower
terminal downwardly facing end 118 includes sealing means 130 hereinafter described in further
detail.

Referring now to Figures 3, 12 and 13, a pair of upper and lower cages 70, 72,
respectively, are disposed in the lower end of housing 30. Referring particularly to Figures 12
and 13, upper cage 70 includes a generally circular cover 132 having downwardly extending
annular sides 134 forming a cylindrical cavity 136. Cover 132 includes a U-shaped aperture 138
and arcuate aperture 140, U-shaped aperture 138 acts as a guide slot for the lower guide end
110 of tube 40 and arcuate aperture 140 receives a plurality of hydraulic control lines 144 shown
. in Figure 3 for downhole equipment such as subsurface safety valves. - A pair of counterbores
142 are provided on ea;:h s'idc of U-shaped aperture 138 for receiving and attaching the lower
end of hydraulic actuating means 60 as hereinafter described. The cylinders 202‘a:e fixed to0
up.per cage 70 with the cover 132 of cage 70 affixed to a transitiop joint 150 hereinafter
described. | .

1t is preferred that there be two cages 70, 72 as shown in Figure 3. A single caée could
be used but would not allow the use of a “floating" type face seal means 130, hereinafter
described. Upper and lower cages 70, 72 are nested against downwardly facing annular shoulder

146 of housing 30. An alignment cylinder 148 is afﬁxred to cover 132 by a bolt 15?. Cylinder
148 includes a dﬁl_led hole and counterbore to r;aceive the -shaft and head of bolt 152 |
respectively. Cylinder 148 is housed in milled slots 154, 156 cut in the tops of covers 132. A

milled slot (not shown) is also provided in housing 30 to accommodate cylinder 148. Upon
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- 11 - 170 to gui de w ngs 120 thereby maintai ni ng REPMGEMEMHSI

tube 40 parallel to the top end of tube 40. Further
72 nove the flexure point of tube 40 upward on the fu e27sq:[ 32940 agt s
li ke a beamand is placed in pure cantile- ver causfing the t gr i nal

end 118 of tube 40 to forma very snal Illangl e W th jup syrface

assembly, alignment cvlmders 148 housed in the milled slots maintain alignment ‘amongst U-
shaped apertures 138 and ﬁrst and second bores 166, 168 hereinafier described. Upper cage 70
bears against downwardly 'facmg annular shouldcr 146 with lower cage 72 bearing against the
lower annular terminal é,nd 71 of upper cage 70.

A transition joi;{_t 150, projecting from the upper end of tubing hanger running tool 20
or a christmas tree runmng tool, bears against the lower annular tefminal énd 75 of lower cage
72. Transiton joint 150 -z-wi_ll have different configurations depending upon bore spacings,
control lines and wheth_cr the bore selector 10 is used to run a tubing ha:nger or a christmas tree,
Transition joint 150 includ}:s an upper annular flange 158 having seals 160 which sealingly
engage the interior wall 31 §f housing 30. Flange 158 forms an annular area for receiving a
threaded fetainer nut 162 'tl_1'_r_eadingly engaging the threads 164 of.lower box 165 of housing 30.
Retainer nut 162 is assembl_t*;d like that of retainer nut 47 shown and described with respect to
Figure 8. Transition jdint_ fiSO includes a first bore 166 therethrough communicating with the
production bore 16 in the tﬁbing hanger 15 within wellhead 14 and a second bore 168 passing
therethrough which comrﬁL‘;ﬁi-c;ates with the annulus bore. 18 in the tubing hanger 15 within
wc_tllhead 14,

‘Referring now to Figures 3, 4, 10 and 11, upon assembly, upper and lower cages 70 and

72, form a guide slot-l?O. Guide slot 170 is formed by the lower surface 133 of cover 132 of
upper cage 70 and the uppe_r surface 135 of cover 132 of lower cage 72. A gap 172 is formed

' by the lower surface_ 137'9% cover 132 of lower cage 72 and the upwardly fac@ng surface 174 of
the upper terminal end oftransmon joint 150. Guide wings 120 on guide end 110 of tube 40

are disposed in guide slot 170 and lower enlarged diameter end 122 on guide end 110 is disposed
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174. 1t is preferred to mnimze the cantilever b
40. The doubl e cages 70, 72 and wings 120 mnim z¢
174. It is also inmpor- tant to-hold term nal end ggp &%%h syrface
174 for sealing purposes. The guide slot 170 and ngs 6 | tihe | ower
termnal end 118 of tube 40 down as tube 40 is shifte g of the
| ower term nal end 118 of tube 40 tend$2te raiseend 118 off of upyardly
facing surface 174 by a few thousandths of an inch. —Rg—anfl shift-

i ng of tube 40 fronlslde to side adds stress to the Iong tube causing it to
Fg;g;?h i m ga lyi?n \ %‘ln?iq'naijrr]r?gf lsetnaigl?ﬂ)ccr?flhotUUb th <:l::r§?1 cga{sugl%» {deé)%e(%v%erg ?hcbe

bearing surfaces of wings 120 and the cover surfaces 133, 135 formed by guide slot 170. The
bearing surfaces of wings 120 bear on the upper and lower surfaces 133, 135 of covers 132 on
cages 70, 72 to hold down and align the downwardly facing lower terminal end 118 of tube 40
and maintain end 118 parallel with upwardly facing surface 174 of transition joint 150. Close
tolerances may also be maintained., Wings 120 serve the same function as the head on a T-bolt,
with covers 132 on the cage 70, 72 serving as T-slots. A m'oment is applied by guide slot 170
to guide wings 120 thereby maintaining terminal end 118 of tube 40 parallel to the top end of
tube 40. Further, the double cages 70, 72 move the flexure point of tubc.40 upward on the
tube. ._ |
Tube 40 acts like 2 beam and is placed i-n pure cantilever causing the lower terminal end
118 of tube 40 to form a very small angle with upwardly facing surface 174. It is preferred to
minimize the cantilever .by fixing both ends of tube 40. The double cages 70, 72 and wings 120
minimize the angle at surface 174. It is also important to hold terminal end 118 square with
surface 174 for sealing purposes.
The guide. slot 170 and wings 120 hold the lower terminal end ‘118 of tube 40 down as
‘tube 40 is shifted. The shifting of the lower terminal end 118 of tube 40 tends to raise end 118
off of upwardly facir{g sutfaﬁq 174 by a few thousandths of an inch. The bending and shifting
- of tube 40 from side to s:ide adds stress to the long fube causing it to stretch. Also a given
tolerance stackup of tube 40 may cause tube 40 to be longef. " Thus, a small clearance is
provided between lower te'rlfh_i'.'na'l end 118 and upwardly facing surface 174 to allow for this

lengthening of tube 40. Floagihg seal means 130 is designed to establish a seal across that clearance.
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a snal |

clearance is provided between |ower term nal

REPL,

nmeans 130 is de- signed to establish a seal across|tha

Referring nowto FIGS. 3 and 3A, floating seal negn

annul ar shoe 260 having a re- duced diameter portifon 262
upwar dl y faci ng annul ar shoul der 264 ~wileh -r educed
being received within a counterbore 266 within en-

| ar ged di anmet’er

122 on the ter Eﬂ'eﬁ%},ngﬂgw 24 i ke &M%Ae%amfm%pﬁﬂchum%ﬂﬂg SREEL QY

portion 262 in

es“an outWardly faci'ng groove 268 housing an el astoneric

seal 272, }'Scl\?ll%E aaxsed\%ld%iﬂ-nagr pa()‘ﬂbﬁ 36§?91]n{ ng!u%pwardly facing annular shoulder 264 with

reduced diameter portion _'2'6_2."being received within a counterbore 266 within enlarged diameter
portion 122 on the terminal end 274 of guide end 110 of tube 40. Reduced diameter portion 262
includes an outwardly facing groove 268 housing an elastomeric seal 272, such as an O-ring,
which sealingly engages the inner annular wall of enlarged diameter portion 122 of guide end
110. Floating sealing xﬁe:_ms 130 further includes a plurality of Belleville spring washers 270
mounted around reduced diam_eter portion 262 and disposed between .upwardly facing annular
shoulder 264 and the downwardly facing annular terminal end 274 of enlarged portion 122. The
downwardly facing terminal end 118 of shoe 260 includes a rib 276 forrrﬁng inner and outer
annular grooves 278, 279, respectively, for rgceiving inner and outer aﬁnular metal seal rings
280, 282, resﬁectiveiy. As shown in Figure 3A, the thickness of seal rings 280, 282 is greater
than the heigbt of rib 276 such that metal séal rings 280, 282 form a metal-to-metal seal with.
the upwardly facing surface 174 of transition joint 150.

In operat:ion, the stack of Belleville spring washers 270 preloads shoe 260 downwardly
against upwardly facing surface 174 forming an initial seal between metal seals 280, 282 and
surface 174, Washers 270 also permit sealing at low pressures In addition to the preload of
the Belleville spring washers 270, the internal and extemnal pressures on shoe 260 aid in the
sealing engagement of mctalnngs 280, 282 with upwal;dly facing surface 174. There is a net
downward force from int__erﬁ_aj pressures since the diameter D, of reduced diameter portion 262
is greater than the inside_‘di-a.'_r'-_r"-uf_:_:t__qr D, of rib 276. There is a net downward force from external

pressure due to the outside diameter D, of rib 276 being greater than the diameter D, of reduced
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engages the inner annular wall of enlarged di anefef pOI’[IOH 122~ gui de
end 110. Floating sealing neans 130 further incl Jd ?gtpr@%ty
Belleville spring washers 270 nounted around redpcg anet er rtfi on 262
and di sposed between upwardly facing annul ar sholl e

downwardly facing annular term- nal end 274 of pnlarged portlon 22. The
downwardly facing terminal end 118 of- skbe 260 i ncrudes—aT1Tb—276- '

diameter portion 262. The internal pressure acts upon the upper end of reduced diameter portion
262 an.d the exlernal pressure acts upon the shoulder 264 of shae 260. The force of Belleville
spring washers 270 and the net downward force due to intemal and external pressures cause
metal seals 280, 282 to maintain a metal-to-metal seal with the upwardly facing surface 174 of
transition joint 150. Sealihg means 130 is designed to allow end 118 to float with respect to
surface 174. Clearance is provided on the outside diameter which allows sealing means 130 to
float angularly so that t.:ven if there is some misalignment of tube 40 or clearance with surface
174, sealing means 130 will accommodate for that misalignment and clearance and still maintain
a seal.

Referring now.to Figures 3, 14, 15 and 16, yoke 50 includes a pair of parallel side plates
176,178 disposed between top plate 180 and bottom plate 182. Side plates 176, 178 preferably
have aligned 45 degree cam slots 190 although the angle may vary depending upon friction and
pressure. Cam slots 190 include an upper detent 192.and a lower detent 194 which serve as
mechanical locking means for locking tube 40 in place and provide an indication at the surface
that tube 40 is in positio_n. The de.ter;ts 192, 194 are recesses at each end of the cam slot 190.
The lugs 112 are moved an eighth of an inch past center to lock lugs 112 into detents 192, 194,
The tube 40 acts like a cantilever beam or spring to maintain lugs 112 in detents 192, 194.
Guide slots 190 form bearing surfaces 196 which engage the bearing surfaces 114 of guide lugs
112 on guide end 110 of tube 40. As the yoke 50 cams the lugs 112 along the 45° slot 190,

| they will move toward the centerline of the assembly and click into the detents 192, 194. The

resistance to the bending of tube 40 causes lugs 112 to click into the detents.
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form ng inner and outer annul ar grooves 278, 279, REPLAGMN%SHEET r
recei ving inner and outer annular netal seal ring$ P80, 282T ctively.
As shown in FIG 3A, the thickness of seal rings pP8D, 22B8EPgggy egt ¢r than
the height of rib 276 such that netal seal rings P80, 282 forma :
nmetal -to-netal seal with the upwardly flasci ng surfpce .

Top plate 180 inciudcs a U-shaped aperture 184 for receiving the lower end ofv tube 40,
A pair of apertures 186 are provided on each side of U-shaped aperture 184 for hydraulic
actuating means 60. A cﬁto’u_t 188 is provided for hydraulic lines 144 shown in Figure 3. The
bottom plate 182 also includes a U-shaped aperture 185 for receiving the lower end of tube 40.
Likewise, bottom plate 18__2.includcs a cutout 189 for hydraulic tubing 144. As distinguished
from top plate 180, bott§ﬁ1 plate 182 includes a pair of aperturcs.206 on each sicfe of U-shaped
recess 185 for receiving the hydraulic actuating means 60, as hereinafter described.

Referring now to Figures 3, 4, 17 and 18, the hydraulic actuating means 60 includes a
pair of ISi,stons 200 and cylinders 202, one on each side of yoké 50. Each cylinder 202 includes
identical top and bottom p_lpg__s 206, 208 secured to its ends by fasteners such as bolts 210, 228.
Top and bottom plugs 20_6,_208 include bores 212, 214, respectively. Each piston 200 includes
an upper shaft 216 extending upwardly through aperture 212 and a lower shaft 218 extending
through lower aperture 214. Plugs 206, 208 ana piston 200 are appropriately sealed with the
inner wall of cylinder 202 Sy:jsealing means, well known in the art, for containing the hydraulic
fluid within cylinder 202. Hydrﬁulic ports 220, 222 aré 'connected to hydraulic lines 224, 226;
best shown in Figure 3, which extend to the surface to hydraul.ic controls for actuating hydraulic
actuating means 60. Both pistons 200 and cylinders 202 are connected hydraulically in parallel
such that only t@o control 1in_é_s_224, 226 are required from the surface to actuate both piston
and cylindgrs. The pistons:'?.OO move together in para]‘lel. The hydraulic fluid inputs into one

‘cylinder with a tee.going. to the other cylinder.
Hydraulic actua‘tiﬁg’ means 60 also includes upper and lower hydraulic fluid release means

240, 242, respectively. RQIEﬁjhg particularly to Figure 18, piston 200 includes a lower relief
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174 of transition joint 150. I n operation, thﬁERIQﬁ@EMENBeSB[EETI | e
spring washers 270 prel oads shoe 260 downwardly 6j!aci ng
surface 174 formng an initial seal between net aI__-.;-_.,;.i,_;_..; nd
surface 174. Washers 270 also pernmit sealing at }o addi tion
to the preload of the Belleville spring washers al jand
exter- nal pressures on shoe 260 and-ib6the seal ng engagerrent of} net al
tings 280, 282 with upwardly facing surface 174. "Fha'e—r's—a—rret—duvmward
force fromjnternal pre sures since the dianeter VDB&Lerr reduced

di ameter paEidhas wzﬂ.o Ua?eéévefa"{'ﬁ&wqﬁ@%@f»@é2aﬁl %Ppns[éqruej e 24hons

276. There is a net downward force fromexternal pressure
a part of lower hydraulic fluid release means 242. Cylinder 202 includes an upper and lower

relief groove 248, 250 which is in fluid communication with relief bores 252, 254, rcspcctively;
Upper and lower plugs 206, 208 include communication ports 256, 258, respectively which
provides fluid communication between upper and lower hydraulic lines 220, 222 and reliéf lines
252, 254 in the cylinder wall of cylinder 202, respecﬁvely.
During the up stroke, hydraulic fluid pressure is placed in control line 226 below piston
200. The hydraulic pressure below piston 200 opens lower relief valve 244 with the spring of
upper relief valve 246 causing upper relief valve 246 to be closed. The hydraulic fluid above |
piston 200 is vented through hydraulic line 220 into control line 224, As piston 200 reaches its
uppermo'st position within cylinder 202, lower relief valve 244 becomes aligned with upper relief
groove 248. The hydrauﬁc pressure from control line 226 is then vented by by-passing piston
200 via relief line 252, port 256 and hydraulic line 220. The opera;:ion of hydraulic actuating
means 60 is reversed during the down stroke. The venting of the hydraulic pressure provides
an indication ;c:)f the stroke of the piston 200. Further, relief valves 244, 246 reduce the number
of hydraulic lines required for the hydraulic actuating means 60.
A dual shaft piston and cylinder is preferred for the hydraulic actuating means 60. A
single shaft piston and cylinder is not pressure balanced and if exposed to pressure will have a .
‘tendency to return to its original position. A dual shaft piston is pressure balanced and if control
lines leak or are exposcd to annular pressure, there ils no tendency for the yoke 50 to reciprocate
so as to shift the tube 40 from. side to side. If the tube 40 is'connected to the production bore

16 and the annulus bore 18 communicates with the annulus 84 around the tube 40 in the housing
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due to the outside dianmeter Dierr] of rib 276 being- AQER/IENErSHEﬂ'
dianeter Derr] of reduced dianeter portion 262. T i nt er nal presgurje
acts upon the upper end of re- duced dianeter portifon 21573&1?119956 gxter nal
pressure acts upon the shoul der 264 of shoe 260. THe |force of el feyille
spring washers 270 and the net downward _force due tjo TTternat—ard-ex{er nal
pressures cause metal seals 280, 282 fd maintain a tal -to-nmetal sepl
with the wupwardly facing surface 174 of transition joint 150, Seatfthg
means 130 is designed to allow.end 118 to float wth respect to surface
174. O eaBanwd il $hepanpylug beredressuteeis dighs¢ngusidiozask aerpssihe elamater oie svalel shafy
nmeans 130 to float angularly so that even if there is sone m salign- '

" sticking out of the top plate of yoke 50, it could move the yoke 50 downward and shift the tube

40. A dual shaft piston balances any external pressure because the pressure acts equally both
on the top and bottom sh;ﬁs.

The lower end of cylinder 202 is receiyed within counterbore 142 in cover 132 of upper
cage 70. Cylinder 202 is affixed to upper cage 70 by fasteners such as bolts 228. The cylinder
extends upwardly from the top of upper cage 70 through apertures 206 in bottom plate 182 of .
yoke 50. The upper shaft 216 of piston 200 abuts against the lower surface of top plate 180 of
yoke 50 and is connected thereto by a fastener such as bolt 230. The cylinder 202 prd;/ides a
ciual function, it provides a guide to the stroke and reciprocation of yoke 50 and .it also holds.
the yoke 50 from rotation within the housing 30. The motion of the yoke 56 does not cause it
to have a tendency to rotate. -

In the assembly of the dual bore selector 10, the guide tube 110 is welded at 232 shown
in Figure 3 to a length of pipe;forming tube 40. Tube 40 is inserted into the U-shaped apertures
184, 185 of yoke 50. Likewise, tubing 40 is inserted into the U-shaped apertures 138 of upper
and lower cages 70, 72. The hydraulic actuating means 60, and in paru'éular cylinders 202, are
mounted within apertures 206 adjacent each side plate 176 of yoke 50. The upper shaft 216 is
bolted to the top of plate 180 of yoke 50 at aperture 186 and the lower end of cylinder 202 is
inserted into counterbore 142 and bolted to the cover 132 of upper cage 70. This assembly is
then inseﬁcd into ihe central bore 32 of housing 30 through the lower end of housing 30 until
upper cage 70 engages down;a/zirdly facing annular support shoulder 146. Riser adapter 38 is

then inserted over the upper end of tube 40 with lock nut 68 threadingly engaging the upper
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ment of tube 40 or clearance with surface 174, seal im)LAQEﬁﬁMBgHEEq‘I
accommodate for that m salignnment and cl earance ang ' -t af seal .
Referring now to FIGS. 3, 14, 15 and 16, yoke 50 ing¢
parall el side plates 176, 178 di sposed between top pl om
plate 182. Side plates 176, 178 preferably have alifn h sl ots
190 al though the angle may vary dependilfy upon fricf_tion and pressurfe. Cam
slots 190 include an upper detent ' '

tecminal end of tubing 40 whereby adapter 38 bears against upwardly facing annular shouider
42 of housing 30. The dual bofe selector 10 is then connected to the top of tubing hanger
running tool 20 which _sﬁpporls a tubing hanger and string of tubing (not shown). "As the tubing
string is lowered into the well through the blowout preventer stack, sections of riser pipe 12 are
added.

In operation, the dual bore selector 10 includes a first position shown in Figure 1
whereby the tube 40 communicates with production bore 16 via bore 166 in transition joint 150.
As shown in Figure 3, yoke 50 is in its lJowermost position with piston 200 also being in its
lowermost position withip cylinder 202. Guide lug 112 is housed in detent .192 at the uppermost
location of 45 degree guide slot 190. Housing 30 is an extension of the annulus bore 18 if the
tube 40 were aligned with the p}oduct;on bore 16 or it is the production bore 16 if the tube 40
is aligned with the annulus bore 18.

Referring ﬁow to Figure 2, there is shown the dual bore selector 10 in another position
with tube 40 in communicaﬁon with annulus bore 18 via bore 168 in tr'fmsition joint 150. To
shift tubing 40 from production bore 16 to arinulus bore 18, hydraulic actuating means 60 is
actuated by hydraulic fluid passing into the lower portion of cylinder 202 below piston 200.
Upon. actuation of hydraulic ac-tuating means 60, the piston 200 moves upwardly »\;.ith upper shaft
216 as shown in Figure 18 forciﬁg yoke 50 upwardly into the position shown in Figure 5. Upon

| the upv)ard movement of yoke 50, guide lug 112 engages the 45 degree bearing surfaces 196 of
- guide slot 190. A:s guide lug 112 travels upward in guide slot 190, tubing 40 is forced to shift
toward annulus bore 18. The lower end of tube 40 shifts apbroximately 5-3/8 inches between

the centerlines of bores 16, 18, Tube 40 within yoke 50 travels an additional distance forcing
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- 13 - 192 and a | ower detent 194 which serve TR a =1tk ng
means for |ocking tube 40 in place and provide anTREHtgéEkg%ﬂgS BE| sur f ace
that tube 40 is in position. The detents 192, 194jafje recesses ait] epch end

of the camslot 190. The lugs 112 are noved an ei §hih 207 SEP posgh papt

center to lock lugs 112 into detents 192, 194. Th
- 19 -

U

guide lugs 112 to travel past the centerline of annulus bore 118 and snapping into final alignment
due (o the stored energy in tuf)e 40. As shown in Figure 5, guide lug 112 is received by lower
detent 194 with tube 40 aligned with annulus bore 18. Guide wings 120 on the Jower end of
tube 40 travel within guidé slot 170 formed by upper and lower cages 70, 72. The engagement
of guide wings 120 within guide slot 170 maintains the downwardly facing terminal end 118 of
tube 40 parallel with the upwardly facing surface 174 of running tool 150. Floating seals 130
continuously sealingly engage the- upwardly facing surface 174 of transition joint 150 to maintain

sealed fluid connections with either production bore 16 or annulus bore 18,

eet Has Been Reraced

\\I|\|\\ T



éu?e :10 ?gtzs IliQZe :éucgnti : ever beamor spring to maintain lugs 112 in
etents , : I de slots 190 form bear- ing surf S |
the beating surfaces 114 of guide lugs 112 on guide % “%BHEW&&E :
the yoke 50 cans the lugs 112 along the 45 slot 190,fth §?/\4§é']_, nove
eh "W, [T
t h
[

the centerline of the assenbly and click into the de}

resi stance to the bending of tube 40-c&Qses |ugs 112 click |nto t
detents. Top plate 180 includes a U shaped aperturfe 184 for recervir
| ower end of tube 40. A pair of apertures 186 are prtewded—on-each side of
U shaped aperture 184 for hydraulic ng nmeans 60. A cutout 188 is

or o C 5t U

1. A bore selector comprising:

a housing having a first end with at least a first bore and a second end with at
least seéc;nd and third bores, said housing having a central bore extending between said
first and second ends;

a conduit member having a flow bore therethrough with a first terminus connected
to said first end communicating said flow bore with said first bore and a second terminus
adjacent said second end for communicating said flow bore with one of said second or
third bores;

a yoke having an aperture therethrough for receiving said second terminus, said
yoke being reciprocably mounted within said central bore édjacent said second end;

a guide disposed on said yoke and said F:onduit member for shifting said second
terminus between a first position where said flow bore communicates with said second
bore and a second. position where said flow bore communicates with said third bore; and

ﬁms for reciprocating said yoke to cause said guide to shift said conduit member
between said first and second positions.

2. The bore selector of claim 1 wh.crcin said guide includes a key mounted on said conduit
member, said key be.ing' disposed within a cam slot in said yoke.

'3, The bore selector of claim 2 wherein said cam slot forms 45 degree cam surfaces on said
yoke for engéging 45 degree bearing surfaces on said ké;y.
4, The bore selector of claiﬁ 2 wherein said cam slot includes detentes for locking said key

in said first and second positions.
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vided for hydraulic lines 144 shown in FIG 3. The (BIE_PLAQMM §HEEII SO

I ncl udes a U-shaped aperture 185 for receiving the l{oer end of tubg 40.

Li kewi se, bot- tomplate 182 includes a cutout 189 fio ﬁ& S&R 1986t upi hg
144. As distinguished fromtop plate 180, bottom pl §t¢ 182 i ncl udesjaj pair
of apertures 206 on each side of U shaped recess 185 for recervim h
hydraul i ¢ actuat- ing means 60, as herdi mafter desckihed Ref erring now
to FIGS. 3, 4, 17 and 18, the hydraulic actuating nmeans 60 includes a pair
of pistons 200 and cylinders 202, one on each side of yoke 50. Each cylin-
der 202 i el uddse bererseleeian oftdrmah firihee tnéwwglﬁgs aad)@‘:cm}alcgéwmwed withinsaidnds

by fasteners such as bolts 210, 228.
housing, said cages including beanno surfaces which engage said conduil member o maintain

said second lerminus parallel with said second end.

6. The bore selector of claim 1 further including guide surfaces disposed within said housing

and engaging bearing surfaces on said conduit member for maintaining said second terminus in

parallel relationship with said second end as said conduit member shifts from said first position

to said second position. |

7. The bore selector of claim 1 further including a- seal member disposed on said second

terminus_for sealingly engaging said second end. |

8. The bore selector of claim 7 wherein said seal member is movably disposed on said
- second terminus whereby said second terminus may be at an ;mgle to said second end.

9. The bore selector of claim 7 wherein said seal member inc'ludes inner and outer seal

grooves housiﬁg inner and outer metal seal rings. .

10.  The bore selector of claim 7 wher_e_in said seal member includes differential pressure

areas allowing internal and external pressures to move said seal member into sealing engagement

with said second end.

14

"11.  The bore selector of claim 7 wherein said seal member includes sealing means for |
sealingly engaging said second end and biasing means for biasing said sealing means against said
second end.

12. The bore éele_ctor of claim 11 wherein sealing means includes at least one metal ring

disposed on said seal member.
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Top and bottom plugs 206, 208 include bores 212, 214,
pi ston 200 includes an upper shaft 216 extendi ng up
212 and a |l ower shaft 218 extending through | ower apégr

eSPPaEpUgby. Fabh
rdly through apgriure
P06,

208 and piston 200 are appropriately sealed wth the}linner mall of cyl | nder
202 by sealing nmeans, well known in the art, for con I C
flurd within cyllnder 202. Hydraulic-p8kts 220, 222 are con- nected to
hydraulic lines 224, 226, best shown in FIG 3,

13.  The bore selector of claim 11 whérein_ said biasing means includes a plurality of beileviile

spring washers.
14.  The bore selector of claim 1 wherein said yoke includes upper and lower apertures for
the passage of said conduit member therethrough and for allowing said conduit member to shift
within said yoke, said yoke further including parallel sides on which said guide is disposed.
15.  The bore selector of claim 1° wherein said reciprocating means includes a hydraulic
actuator having one end affixed to said second end of said housing and another end affixed to
said yoke.
16.  The bore selector of claim 9 wherein said hydraulic actuator includes a balanced piston.
17.  The bore selector of claim 15 wherein said hydraulic actuator includes a piston and
cylinder;

said cylinder having an upper and lower relief port for relieving the fluid pressure upon
the reciprocation of said piston within said cylinder and upper and lower bypass ports;

said piston including upper and lower relief valves, said lower relief valve being in
communication with said upper bypass port upon said piston mov.ing to an uppermost position
within said cylinder and said upper relief valve being in communication with said lower bypass
port upon said piston moving to a lo_wermost position within said C)Elinder;

said lower relief valve being in the open position and said upper relief valve being in the
closed. position in said uppermost position, said lower relief valve allowing fluid pressure to

bypass said piston in said uppermost position;
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-14- whi ch extend to the surface to hydraulic cont s for actuating

hydraulic actuating neans 60. Both pistons 200 and C’REELWWEN? ﬁfiﬁﬁzm

connected hydraulically in parallel such that only t
226 are required fromthe surface to actuate both piktp 2§p§E5yI|nd rg. The
pi stons 200 nove together in paraIIeI2

said upper reliefl valve being in the ‘o'peh position and said lower relief valve being in the
closed position in said lowermost positi_on, said upper relief valve allowing the bypas.s of
hydraulic fluid through said piston in said lowermost position;

whereby the relief of the hydraulic p;'¢s_sure provides an indication of the stroke of sajd
piston.

18. A bore selector comprising:

a housing having a first end with at least a first bore and a second end with at least
second and third bores, said housing h_a'vi.'n.'g_ a central bore extending between said first aﬁd
second ends; N

a conduit member teving a flowhore therethrough with a first terminus connected to said
first end corﬁmuﬁicadng said flow bore with sa1d first bore and a second terminus adjacent said
second end for commuﬁicatin;g said flow bbre with one of said second or third bores; and

_ shifting means for shifting said second terminus side to side within said central bore
between a first position where said flow bore communicates with said second bore and a second

position where said flow bore communicates with said third bore.
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cyl i nder.

comuni cation with relief bores 252, 254,
pl ugs 206, 208 include communi cat
provides fluid comrunication

d
PR
Upper and |

respective
CTeR, 258,

espectively whid

ABSTRACT

A bore selector inéludes a housing with an upper end
having at least a first_pofe and a lower end with at last
second and third bores. 'A_central bore extends between the
upper and lower ends. A.tube has its upper end connected
to the first bore and its lowe end adjacent the second and
third bores. A yoke, having an aperture therethrough for
passing a tube, is reciprocably mounted within the bore of
the housing. A hydraulic actuator reciprocates the yoke
whereby guide lugs move Within cam slots to shift the lower
end of the tube between the second and third bores.
(Figure 1).

i

This Sheet Has Been R,

(W

The hydraulic fluid inputs into one cylinder with a tee going to the other
Hydraul i ¢ actuating nmeans 60 al so includes upper and | ower
hydraulic fluid rel ease neans 240, 242, respec- tively. Referring
particularly to FIG 18, piston 200 |ncludes a | owner U
part of upper hydraulic fluid rel ease neans 240 and Rrala
246 as a part of |ower hydraulic flutd24etease neansj 2§
i ncl udes an upper and | ower reIief“groove 248, 250 whj ch
y
r

as a
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bet ween upper and | ower hydraul i cTh Been Reacadnd rel fef 1 nes 252, 2b4
in the cylinder wall of cylindet 21 y. Duti hg 2hBERM9%4 I ok e,
hydraulic fluid pressure is placed 1 Il§ffhe 226 bel pw pi ston 200.

i

The hy- draulic pressure bel ow piston 200 opens |ower refieg | t

the spring of upper relief valve 246 causing upper relief _valve 246 to be

cl osed. The hydrau- lic fu_%gﬂabové,p‘rslm 200 is vented ough hydraulic
o

line 220 in{aﬁ/ﬁogtrol Ige Ip2412 As pi ston 2f(pesches it hg‘éape’?nost
I Ccy a

posi tion wi | i nde ,_bower. relief valve 244 be $ aljmned with
upper relief groove 2,'\1\. ahydr @4l i c pressure from capd 63l 1 ne_226 is
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t hen vented by by-passing piston 200 via relief line 252, port 256 and
hydraulic |line 220. The operation of hy- draulic actuating neans 60 is
reversed during the down stroke. The venting of the h e SSHe
provi des an indication of the stroke of the piston 20(. Té'HEEff
val ves 244, ijg_ ce the nunber of hydraulic lines feguired for
hydraul i ¢ act {ég?means 60. o= 2 - '
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- 15- A dual shaft piston and cylinder is preferred for the hydraulic
actuating neans 60. A single shaft piston and cylinder is not pressure

bal anced and if exposed to pres- sure will have a tendency to return to its
original posi- tion. A dual shaft piston is pressure ba reet—ant—ti—
control lines |eak or are exposed to annul ar pressure, KE‘EM}.&W ﬁHHE”Emy
for the yoke 50 to reciprocate so as to3shift the tube{4@ Tromside 0O
side. If the tube 40 is . 27 SEP 1996
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connected to the production bore 16 and the annul us bore 18 conmuni cates
with the annulus 84 around the tube 40 in the housing 32,
annul us bore pres- sure is high enough to act across the dianeter of a

single shaft sticking out of the top plate of yoke 50,
yoke 50 downward and shift the tube 40. A dual shaft pis

and if the

it could nove the

external pressure because the pressure 4cts equally both@%Lfi.lQ&M@bT@ﬁEET
bottom shafts. The |l ower end of cyliinder 202 is receivjed w.thin
counterbore 142 in cover 132 of upper cage 70. Cylin- ddr ZQ?WSEFi xe
upper cage 70 b{"ﬁasreners'SUEh as—toQt's 228. ﬁﬁﬁsc¥§inc ext ends ué
fromthe top K\ “\\ ' .
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of upper cage 70 through aper'ttnsr%&ﬂi@@% ate 184 of 7\gEfeqgoR. Th
upper shaft 216 of piston 200 he Iomer syrflace of top pl &t
180 of yoke 50 and is connecte fast ener syclhr The

cylinder 202 provides a dual functlon |t provi des a guijde to the stroke

and reciprocation of yoke 50 and it aI so holds the yoke 50 fromrotatrom

within the housing 30. The notion of th® yoke 50 does not cz;(él_é;lg to have

a tendency to rFt-f(%7 In the assenbly of the dual bore selector 10, the
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40 is inserted into the U shaped apertures 138 of upper and | ower cages 70,

72. The hydraulic actuating neans 60, and in particul ar W 202, are
nounted within apertures 206 adjacent each side plate 17

ACBMEND §
upper shaft 216 is bolted to the top of plate 180 of yoHKe bU at apc.tuHr}'::!E(F

186 and the lower end of cylinder 202 is inserted into dqoyn lggpew%z n¢l
bolted to the cover 132 of upper cage 7.~ This assenbly {id t enin
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- 16 - serted into the central bore 32 of housing 30 through the | ower

end of housing 30 until upper cage 70 engages downwardly facing annul ar

support shoul der 146. Ri ser adapter 38 is then inserted over the upper end

of tube 40 with | ock nut 68 threadingly engagi ng the uppg+termi-_nal end

of tubing 40 whereby adapter 38 bears agai nst
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upwardly facing annul ar shoul der 42 of housing 30. The dual bore selector-
10 is then connected to the top of tubing hanger running tool 20 which
supports a tubing hanger and string of tubing (not shown). As the tubing
string is lowered into the well through the bl owout preventer stack,
sections of rise pipe 12 are added. In operation, the dual bore selector
10 includes a first position showmn in-RRG 1 whereby the tube 40 conmmu-
nicates with production bore 16 via bore 166 in transi{p

shown in FIG 3, yoke 50 is in its | owernost position fb?gﬂﬂﬁggTéé
being in its | owernost position within cylinder 202. Quilde | g 112 is
housed in detént 192 at the uppernost |ocation of 45 27 SEP 1996
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degree gui de s_IE_)_t 190. HoushhjjghesHss eplacednsi on of {hp annulus boreg 18 if
the tube 40 were aligned wt f on bore 16 pr{i 7 SEPM99%
production bore: 16 if the tu ed with thefahnulus bore 18§

Referring nowto FIG 2, there is shown the dual bor e setector—+6—tn
anot her position with tube 40 in conmunication with apnul us bore 18 vi g
bore 168 in transition joint 150. To 8hi-ft tubing 40 Trom production bore

16 to annulu 8, hydraulic tuating neans 60 is ac

hydraul i c flﬂ&gal i ng |r|1 ot 23@\/\/& portion of cyli nde gggd]@l ow pi ston
200. Upon actua- tion of <kydfaulic actuating nmeans 60, the piston 200 noves '
upwardly with upper sha\ff [ Sl__ghwn in FIG
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.&8 fOI‘CI ng yoke 50 upwardly into the position shown in FIG 5. Upon the
upvvard movenent of yoke 50, guide |ug 112 %engages the 45 degree bearing

~+surfaces 196 of guide slot 190. As guide lug 1
tubing 40 is forced to shit toward apn
of tube 40 shifts approxinmately 5[err] i nches|
bores 16, 18. Tube 40 within yoke 50 “t tavel s
guide lugs 112 to travel past the centerl i ne

sl ot 190,
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BORE SELECI’ Oﬁ """

BACKGROUND OF THE INVENTION

The present inveution relates generally to subsea
wells having multiple tubing strings or bores extending
into the bore hole from a wallhéad and with a riser
extending to the water surface,; and more particularly,
to a bore selector disposed between the riser and well-
head for providing selective access between the riser
and one of the individual bores.

Subsea wells with multiple bores have one or more
tubing or production strings suspended from a well-
head. A riser extends from the wellhead to a platform at
the surface. ‘Oftentimes it is necessary to have access to
individual bores for extending a wire line tool from the
surface into one of the bores. The riser includes multiple
strings of riser plpe extending to the surface typically
with individual diser strings for each bore. However,
individual riser strings are very expensive. Many times
these risers must be specially built to allow access to
each of the individual bores.

A dual bore selector selects either the bore for pro-
duction or the bore to the annulus in a dual bore com-
pletion. The dual bore selector: is either comnnected
above a tubing hanger running tool or is tied back into
the christmas tree, depending on whether you are per-
forming a workover. A specmlty riser is constructed
which includes two casing strings side by side to tie

back and communicate with the dual bores. The riser is

used to perform the initial completzon and the worko-
ver. Such sPecxalty risers are quite expensive and spe-

-cialty risers in 45 foot sections for deep water may cost

millions of dollars Just for the risers. Thus, it is preferred
to only have one riser string exte.ndmg to the surface
thereby eliminating the other string to reduce cost.
U.S. Pat. No. 4,770,247 discloses-a multipie bore well
having a riser with a bore selector. The selector is con-
nected at its lower end to a sub sea wellhead supporting
multiple tubmg strings for completion and workover
operations. The selector is connected atits upper end to
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the lowest secnon of the miser string extending to the
surface. The selector includes an upper tubular member
havmg a single bore in flow communication with the
riser string, a lower member- havmg multiple bores
which align with the multiple bores of the subsea well-
head, and an intermediate section having a rotary por-
tion which communicates with the single upper born
and selectively communicates with each of the individ-
ual lower multiple bores as the intermediate section is
rotated.

Various prior art patents dxsclose flowline switches
or selectors. U.S. Pat. Nos. 4,133,418; 4,223,700
4,291,724; and 5,129,459 disclose.a flowlme switch or
selector having a housing with a roter mounted there-
within to rotate a tubular passageway extending
through the rotor so as to connect an upper port to one
of a plurahty of ports at its lower end. U.S. Pat. No.
5,129,459 reciprocates and indexes the rotor tube up and
down thereby rotating the tube between various lower
ports as the rotor tube rotates within the housing.

There are also several differen ypes of diverters and
diverter valves for selecting between two conduits. U.S.
Pat. Nos. 2,752,944 and 3,664,376 illustrate push-pull -
type diverters with a horizontally reciprocating piston;
U.S. Pat. Nos. 1,951,434 and 4, 252, 149 disclose flapper
type diverters having pivoting diverter members; and
U.S. Pat. Nos. 2,586,144 and 3, 834 418 show diverters
having flexible members which are selectively moved
between two conduits.

The present invention overcomes the deﬁc1encxes of
the prior art. .

SUMMARY OF THE INVENTION

The bore selector of the present mventxon includes a
housing with an upper end having at least a first bore
and a lower end with at least second and third bores.
The housing includes a central t nding between
the upper and lower ends. A i ts upper end
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and | ower cages 70, 72. The engagenent of guide wi ngs 120 within guide sl ot
170 mai ntains the downwardly facing term nal enqg.118 of tube 40 parallel
with the upwardly facing surface 174 of running|RER . ng seal s
130 continuously sealingly engage the up- wardl PLA@EMEW il E'{M of
transition joint 150 to maintain sealed f§luid c nﬁ%ﬁ@i%}h i { her

r e

produc- tion bore 16 or annulus bore 18. Wi | di ment of
the invention has been shown and described, nodilfilcations therepf|can be
made by one skilled i'n the art wi thout departing fromthe spirit pf the
i nventi on. = '

therethrough for passing the tube, is reciprocably
mounted within the bore of the housing. The yoke in-
cludes cam slots receiving guide lugs projecting from
the sides of the tube. A hydraulic actuating means is also
mounted in the lower end of the housing for reciprocat-
ing the yoke whereby as the yoke is reciprocated within
the housing, the guide lugs move within the cam slots to
shift the lower end of the tube between the second and
third bores. A cage is mounted within the lower end of
the housing to easure alignment and sealing engagement
between the lower end of the tube and the surface sur-
¥ rounding the second and third bores.

Other objects and advantages of the present invention

will become apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodi-
ment of the invention, reference will now be made to
the accompanymg drawings wherein:

FIG. 1is an elevation view, partly in section, of the
bore selector attached to a riser at its upper end and to
a running tool and wellhead at its lower end with the
bore selector being shown commnupmicating with the
producuon bore of the wellhead;

FIG. 2 is the bore selector of FIG 1 with bore selec-
tor being shown communicating with the annulus bore
of the wellhead;

FIG. 31is across-sectional elevation view of the lower
end of the bore selector mounted to the upper end of the
tubing hanger running tool and showing the yoke, cage
and hydraulic actuator for the tube extending through
the housing of the bore selector;

" FIG. 3A is an enlarged cross-sectional view of detail
A shown in FIG. 3 illustrating the floating seal on the
lower terminal end of the tube;

FIG. 4 is a cross-sectional view at plane 4—4 in FIG.
3 of the yoke, hydraulic actuator, and tube of the bore
selector showing the yoke in its lowermost-position
with the tube communicating thh the production bore
of the wellhead;



FIG. 5 is a cross-sectional elevation view of the bore
selector with the hydraulic actnator having moved the
yoke to its uppermost position: with the tube communi-
cation with the annulus bore of the welthead;

FIG. 6 is a cross-sectional view at plane 6—6 in FIG.
5 showing the tube shifted into communication with the.:

_ annulus bore as shown in FIG. 5;

FIG. 7 is a cross-sectional elevation view of the upper
end of the bore section showing the selector attached to
coiled tubing and a riser extending to the surface;

FIG. 8 is a cross-sectional elevation view of the upper
end of the bore selector connected to concentric risers
extending to the surface;

FIG. 9 is an elevation view of the gmde end of the
tube of the bore selector; .

FIG. 10 is a cross-sectional view at plane 10—10 of
FI1G. 9;

FIG. 11 is a cross-sectional view at plane 11—11 of
FIG. 9;

FIG. 12 is a cross-sectional elevation view of the cage
of the bare selector;

FIG. 13 is a top view of the cage showii in FIG. 12

FIG. 14 is a cross-sectmnal elevation view of the
yoke of the bore selector;

FIG. 15 is a top view of the yoke shown in FIG. 14

FIG. 16 is a cross-sectional view at plane 16—16 of
FIG. 14 showmg the bottom p_lat_e; of the yoke

FIG. 17 is a cross-sectional elevation view of the
hydraulic actuatmg means of the bore selector; and

FIG. 18 is the cross-sectional elevation view of FIG
17 with the hydraulic actuatmg mms in the uppermost
position.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring initially to FIG. 1, there is shown the bore
selector 10 of the present invention. Although the bore
selector may be used for communicating any upper bore
with one or more lower bors,-.-fthe bore selector 10 of
the present invention is preferably ased in the, oil field
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ayhousing having a first end with at least a first bore and a

second end with at | east second and third housi ng
havi ng a central bore extending bet WLMﬁrg d second
ends; a conduit nenber having a flow pof€e therethrough

with a first termnus connected to said §irst e1d 04 JUL 1997 c ni cati.ng
said flow bore with said first bore apd a second te nus

adj acent said second end for comuni ' ' ore with
one of said second or third bores; a yoke d| sposed
within said central bore adjacent said second end nd havi ng an
aperture ther et hr oughtor subsea wells {Q,copgegt 3inisgr ey gxiendin e&ﬁ\ nus, said
yoke bei ng ‘ waters surface, to a subsea wellhead 14 havmg multxp e

bores extending downhole. As disclosed in U.S. Pat.
No. 4,770,247, incorporated herein by reference, riser
12 includes a plurality of pipe sections which are con-
nected end to end to form a riser string which extends
from the subsea wellhead 14 to the water’s surface. The
bore selector 10 is used with multiple bore wells, such as
wells having multiple bore tubing hangers or christmas
trees utilizing multiple tubing strings. In the embodi-
ment shown in the Figures, the multiple well includes
two bores and thus selector 10 is shown as a dual bore
selector. A tubing hanger 15 is supported within well-
head 14, as shown in FIG. 1, and includes a production
bore 16 and a annulus bore 18 extending downhole. The
lowest section of the casing string used for riser 12 is
connected to the upper end of dual bore selector 10 and
the lower end of dual bore selector 10 is connected to 2
tubing hanger running tool 20 connected to wellhead
14. In the present invention, the dual bore selector 10is’
run through a drilling riser to run or tie back to a tubing
hanger 15 or a christmas tree for the purpose of per-
forming downhole operations.

The function of dual bore selector 10 is to provide
communication between the bore of riser 12 and one of
the multiple bores extending downwardly into the well,
such as production bore 16 or annulus bore 18, for com-

- pletion and workover operations. The dual bore selec-
tor 10 acts essentially like a valve and is used to select
one bore orthe other. One purpose for selecting a bore
is to install 2 wire line blanking plug. A blanking plug
has a fairly large outside diameter and is several feet
long. The blanking plug or slick line plug is lowered by
wire line and may be run through selector 10 into either
the production bore 16 or the annulus bore 18.

The dual bore selector 10 includes a housing 30,
which is preferably a tubular member having a central
bore 32 therethrough, and conduit member 40, such as
a tubular member or tube housed within the central
bore 32 of housing 30.“The housmg 32 may be designed
to thhstand pressures up to 50,000 psi depending upon



feci procably nounted about said conduit nenber
reci procation of said yoke with respect thereto;

for

posed

R ACEE

on said yoke and about said conduit menber j

el astically bending said conduit nenber as ﬁ’dﬂ ﬁ§§§9

reci procates with respect {o_said condui} pe Y th r gby.
fl exi ng said conduit nenber to laterally{shift said secand
term nus between a first position where said flow bore

comuni cates with said second bore and a ' ere
said fl ow bore communi - cates with said th| rd bore; and

means for reciprocatinsigesaidloyiside dmmetes andahd matedial of housmg to flex
said conduit menber ImtTaee 4Rintlhdésh wag flexible tubular member,

approximately 30 feet long, which is preferably made of
steel but may be made of titanium to shorten the length
of tube 40. Tube 40 is designed for the same working
pressure (internally and externally) as the tubing
hanger, christmas tree and blowout preventer stack.
Tube 49 is fixed at the top and allowed to shift at the
bottom by flexing and bending elastically within hous-
ing 30 as the lower terminal end of tube 40 is moved
from one bore to the other. As best shown in FIG. 3,
dual bore selector 10 further includes a2 yoke 50 for
shifting the lower end of tube 40 between production
bore 16 and annulus bore 18, hydraulic actuator means
60 for reciprocating yoke 50, and a pair of upper and
lower cages 70, 72 for positioning and sealing the lower
end of tube 40.

Referring now to FIGS. 1 and 7, the upper end 36 of
housing 30 includes suitable means, such as a threaded
box 34, for connecting housing 30 to the lower section
of the casing string of riser 12. An adapter 38 is sup-
ported within threaded box 34 by an upwardly facing,
downwardly tapering annular shoulder 42. The adapter
38 includes a reduced diaméter pomon 44 at its upper
end to form an annular space for receiving a connecting
nut 46 which threadingly engages threads 48 of box 34
to bear against upwardly facing annular shoulder 52 of
adapter 38. Lock screws 53 are received by aligned
apertures-in box 34, connecting nut 46, and adapter 38
to prevent connecting nut 46 from disengaging.

'Adapter 38 includes external annylar grooves receiv-
ing sealing means 54, such as a pair of O-rings, which
sealingly engage the internal annular wall 35 of box 34.
Adapter 38 further includes a riser bore 56 therethrough
having upper threads 58 for threadingly engaging the

pin of the lower section of riser 12.'A reduced diameter

annular rib 62 projects inwardly adJacent the lower end
of bore 56 to form upper and lower facing anmular
shoulders. The upper end of tube 40 includes a reduced
diameter portion 41 forming an upwardly facing annu-



~ second posi tions. 2. The bore selector | D = séi d
| i i MENT SHHET

gui de I ncl udes a key nounted on said cond

key bei ng disposed within a camslot in said yokej . Thg bore
sel ector of claim2 wherein said cam sl ot | flor B¢ JBL 6T ed qam
surfaces on said yoke for engaging - 7 45 degr ge bearing surfaces on
sai d key. 4. The bore selector of clai - cqm sl ot
i ncludes detents for locking said key in said fir and seg¢ond
posi tions. 5. The bore selector of claim1 further including
first and second cages di sposed within said housing, said

lar shoulder 64 which engages the downwardly facing
annular shoulder of rib 62. The reduced diameter por-
tion 41 of tube 40 is threaded at 66 to threadingly en-
gage a rotation nut 68 which acts as a stop against the
upwardly facing shoulder of rib 62-to prevent excess
buckling of tube 40 and also allow foreshortening of

« tube 40. The small gap left between rib 62 and retainer
nut 68 allows limited buckling of tube 40. Buckling is
caused by the large force due to the eccentrically
loaded column. The bucklmg may foreshorten tube 40.
Slots 69 are also provided in retainer nut 68 for a span-
ner wrench. Annular grooves are provuied in the upper
end of tube 40 to receive seahng means 73, such as a pair
of O-rings, for sealingly engaging the annular wall 39 of
adapter 38.

Adapter 38 further includes a second bore 74 extend-
ing therethrough which is parallel to riser bore 56. Con-
nection means 76, such as a strmght thread and O-ring
by flareless tubing, are provided at the upper end of
bore 74 for connecting a length of coiled tubing 78
which extends to the surface. The lower end 82 of bore
74 is in open communication with the anmulus 84
formed between tubing 40 and the inner annular wall 31
of housing 30 with annutus 84 being sealed by sealing
means 54, 73 of adapter 38. Fluids from the well can
pass up through the annulus bore 18 and into coiled
tubing 78 at the top of housing 30. Another option is to

include a valve (not shown) in housing 30 that allows
returns to pass up the choke and kill line (not shown).
Referring now to FIG. 8, there is shown an alterna-
tive embodiment of the riser adapter 38 of FIG. T where
concentric string risers having tubing 98 inside casxng
96 extend to the surface. Riser adapter 80 shown in
FIG. 8 does not include a bore therethrough for con-
nection and communication with coiled tubing. The
lower end of riser adapter 80 includes a reduced diame-
ter portxon 81 formmg an annular recess wlnch recewes
a split part which is recewed w1thm recess 81 and then
welded together. External threads 48 threadingly en-



.19 - cages including bearing surfaces which engage sides of said

conduit nenber to nmaintain said second term nus -
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gage the box 34 of haousing 30 and the connection is
sealed in a manner substantially the same as that shown
with respect to riser adapter 38 of FIG. 7. A pin 53 is
press fit into an internal diameter slot in box 34. Pin 53
prevents rotation of adapter 80 with respect to housing
30. Adapter 80 in housing 30 transmits torque to the
. tubing hanger running tool 20 or to the christmas tree.

Riser adapter 80 includes a single bore 85 extending
therethrough for receiving the upper end of tube 40
which includes a box 86 having external threads §8 for
threaded engagement with a support collar 90. The
upper end of riser adapter 80 inéludes a box 92 having
an upwardly facing shoulder 94 for engaging and sup-
porting support collar 90 to prevent excess buckling and
also allow the foreshortening of tube 40. Collar 9@ is
fluted to allow the passage'of fluids. An outer riser pipe
or casmg 96 includes a pm threadmgly engaging the box
92 of riser adapter 80. An innerriser pipe or tubmg 98is
threadingly conmected to a sub 100 which is slidingly
received within the box 86 of tube 40. Internal grooves
are provided in box 86 to receive elastomeric seals 102,
such as O-rings, for sealingly engaging the external
annular wall of sub 160. C’entermg guides 104 are pro-
vided on sub 100 for centering iriternal riser string 98
within outer riser string 96. Guides 104 also allow fluid
bypass. Inner and outer strings 98, 96 respectively form
an annulus 106 which communicates with the annulus
formed by the upper end of tube 40 and the annular wall
85 of riser adapter 80. Thus annuius 106 communicates
with annulus 84 formed between ‘tube 40 and housmg
30.

Referring now to FIGS. 3, 9, 10 and 11, the lower end
ofnﬂx=4ﬂrmﬂndesa§gndeend110vwﬂdaiat232noa
straight length of pipe forming the npper portion of tube
490. Guide end 110 includes a pair .of keys or guide lugs
112 projecting from opposite sides of guide end 110.
Guide lugs 112 include parallel cam surfaces 114 prefer-
ably at 45 degrees from the vertical flow axis 116 of tube
40 although snﬂlanghernay'vary due to friction and
pressure. Adjacent the lower terminal end 118 of tube
40 are spaced apart guide wmgs 120 As best shown in
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arallel with said second end. 6. The bore s  further
Fncludlng gui de surfaces disposed within said BEEL&@FH@@Hb&EEbP i ng
beari ng surfaces on sides of said conduit nenbér [TOT gj said
second termnus in parallel relationship with aldcﬁfggﬂqggpd ps| sai d
conduit nmenber shifts fromsaid first_pgsitionjtd sald Second popition. .

7. The bore selector of claim1 further including—a 2 di sposed on
said second terminus for sealingly engaging saijd second end. The bore

selector of claim1l wherein said recipro- cati a hydraulic

actuator having one end affixed to said second end of said housing and an-
J FIG. 10, the outer radial surfaces of guide lugs 112 and

guide wings 120 are paralle] in the same vertical plane.
The lower terminal end 122 of guide 110 has an en-
larged diameter. The lower terminal downwardly fac-
ing end 118 includes sealing means 130 hereinafter de-
scribed in further detail,

. Referring now to FIGS. 3, 12 and 13, a pair of upper
and lower cages 70, 72, respectively, are disposed in the
lower end of housing 30. Referring particularly to
FIGS. 12 and 13, upper cage 70 includes a generally
circular cover 132 having downwardly extending annu-
lar sides 134 forming a cylindrical cavity 136. Cover 132
includes a U-shaped aperture 138 and arcuate aperture
140. U-shaped aperture 138 acts as a guide slot for the
lower guide end 110 of tube 40 and arcuate aperture 140
receives a plurality of hydraulic control lines 144 shown
in FIG. 3 for downhole equipment such as subsurface
safety valves. A pair of counterbores 142 are provxded
on each side of U-shaped aperture 138 for receiving and
attaching the lower end of hydraulic actuating means 60
as hereinafter described. The cylinders 202 are fixed to
upper cage 70 with the cover 132 of cage 70 affixed to
a transition joint 150 hereinafter described.

Itis preferred that there be two cages 70, 72 as shown
in FIG. 3. A single cage could be used but would not
allow the use of a “floating” type face seal means 130,
hereinafter described. Upper and lower cages 70, 72 are
nested against downwardly facing annular shoulder 146
of housing 30. An alignment cylinder 148 is affixed to
cover 132 by a bolt 152. Cylinder 148 includes a drilled
hole and counterbore to receive the shaft and head of
bolt 152 resPectively. Cylinder 148 is housed in milled
slots 154, 156 cut in the tops of covers 132. A milled slot
(not shown) is also provided in housing 30 to accommo-
date cylinder 148. Upon assembly, alignment cylinders
148 housed in the milled slots maintain alignment
amongst U-shaped apertures 138 and first and second
bores 166, 168 hereinafter described. Upper cage 70
bears against downwardly facing annular shoulder 146
with lower cage 72 bearing against the lower annular
terminal end 71 of upper cage 70. '



other end affixed to said yoke. 9. A bore sel EMAQLWW?@QT a
housing having a first end with at |l east a first “second end
with at | east second and third bores, said hmsh@gjma% a;central
bore extendi ng between said first and second 4n nd menber
having a fl ow bore therethrough %Q a first] tlerndnus conne teFd to said
first end comuni cating said flow borée with{said first bore and a
second term nus adjacent said second end for —eomrri-catRg-—sal d fl ow
bore with one of said second or third bores; a yoke having an

aperture therethrough for receiving
A transition joint 150, projecting from the upper end

of tubing hanger runming tool 20 or a christmas tree
running tool, bears against the lower annular terminal
end 75 of lower cage 72. Transition joint 150 will have
different configorations depending upon bore spacings,
control lines and whether the bore selector 10 is used to
run a fubing hanger or a christmas tree. Transition joint
150 includes an upper annular flange 158 having seals
160 which sealingly engage the interior wall 31 of hous-
ing 30. Flange 158 forms an annular area for recexvmg a
threaded retainer nut 162 threadingly engaging the
threads 164 of lower box 165 of- housmcr 30. Retainer
nut 162 is assembled like that of retainer nut 47 shown
and described with respect to FIG. 8. Traamsition joint
150 includes a first bore 166 therethrough communicat-
ing with the production bore 16 in the tubing hanger 15
within wellthead 14 and a second Bore 168 passing there-
through which communicates with the annulus bore 18
in the tubing hanger 15 within wellhead 14.

Referring now to FIGS. 3, 4, 10 and 11, upon assem-
bly, upper and lower cages 70 and 72, form a guide slot
170. Guide slot 170 is formed by the lower surface 133
of cover 132 of upper cage 70 and the upper surface 135
of cover 132 of lower cage 72. A gap 172 is formed by
the lower surface 137 of cover 132 of lower cage 72 and
the upwardly facing surface 174 of the upper terminal
end of transition joint 150. Guide wings 120 on guide
end 110 of tube 40 are disposed in guide slot 170 and .
lower enlarged diameter end 122 on guide end 110 is
disposed within gap 172. A minimum of ten to fifteen
thousandths clearance is provxded between the bearing
surfaces of wings 120 and the cover surfaces 133, 135
formed by guide slot 170. The bearing surfaces of wings
120 bear on the upper and lower surfaces 133, 135 of
covers 132 on cages 70, 72 to hold'down and align the
downwardly facing lower terminat:end 118 of tube 40
and maintain end 118 parallel with upwardly facing
surface 174 of transition joint 150 ‘Close tolerances may
also be maintained. Wings 129 serve: the same function
as the head on a T-bolt, with covers132 on the cage 70,
72 serving as T-slots. A moment is applied by guide slot
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170 to guide wings 120 thereby maintaining terminal
end 118 of tube 40 parallel to the top end of tube 440.
Further, the double cages 70, 72 move the flexure point
of tube 40 upward on the tube.

Tube 40 acts like a beam and is-placed in pure cantile-
ver causing the lower terminal end 118 of tube 40 to
form a very small angle with upwardly facing surface
174. It is preferred to minimize the caatilever by ﬁxing
both ends of tube 40. The double cages 70, 72 and wings
120 minimize the angle at surface 174. It is also impor-
tant to hold terminal end 118 square with surface 174
for sealing purposes.

The guide slot 170 and wings 120 hold the lower
terminal end 118 of tube 40 down as tube 40 is shifted.

The shifting of the lower terminal end 118 of tube 40

tends to raise end 118 off of upwardly facing surface 174
by a few thousandths of an inch. The bending and shift-
ing of tube 40 from side to side adds stress to the long
tube causing it to stretch. Also a given tolerance
stackup of tube 40 may cause tube 40 to be longer. Thus,
a small clearance is provided between lower terminal
end 118 and upwardly facing surface 174 to flow for this
lengthening of tube 40. Floating seal means 130 is de-
signed to establish a seal across that clearance.
Referring now to FIGS. 3 and 3A, floating seal

‘means 130 includes an annular shoe 260 having a re- -

duced diameter portion 262 forming an upwardly facing
annular shoulder 264 with reduced diameter portion 262
being received within a counterbore 266 within en-
larged diameter portion 122 on the terminal end 274 of
guide end 110 of tube 40. Reduced diameter portion 262
includes an outwardly facing groove 268 housing an
elastomeric seal 272, such as an O-ring, which sealingly
engages the inner annular wall of enlarged diameter
portion 122 of guide end 110. Floating secaling means
130 further includes a plurality of Belleville spring
washers 270 mounted around reduced diameter portion
262 and disposed between upwardly facing annular
shoulder 264 and the downwardly facing annular termi-
nal end 274 of enlarged portion 122. The downwardly
facing terminal end 118 of shoe 260 includes a rib 276

cause
second
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- forming inner and outer annular:grooves 278, 279, re-
spectively, for receiving inner and outer annular metal
seal rings 280, 282, respectively. As shown in FIG. 3A,
the thickness of seal rings 280, 282 is greater than the
height of rib 276 such that metal seal rings 280, 282 form
a metal-to-metal seal with the upwardly facing surface
174 of transition joint 150.

In operation, the stack of Belleville spring washers
270 preloads shoe 260 downwardly against upwardly
facing surface 174 forming an initial seal between metal
seals 280, 282 and surface 174. Washers 270 also permit
sealing at low pressures. In addition to the preload of
the Belleville spring washers 270, the internal and exter-
nal pressures on shoe 260 and in the sealing engagement
of metal tings 280, 282 with npwardly facing surface
174. There is a net downward force from internal pres-
sures since the diameter D3 of reduced diameter portion
262 is greater than the inside diameter D1 of rib 276.
There is a net downward force from external pressure
due to the outside diameter D3 of rib 276 being greater
than the diameter D; of reduced diameter portion 262.
The intesnal pressure acts upon.the upper end of re-
duced diameter portion 262 and the external pressure
acts upon the shoulder 264 of shoe.260. The force of
Belleville spring washers 270 and the net downward
force due to internal and external pressures cause metal
seals 280, 282 to maintain a metal-to-metal seal with the
upwardly facing surface 174 of transition joint 150.
Sealing means 130 is designed to allow end 118 to float
with respect to surface 174. Clearance is provided on
the outside diameter which allows seahng means 130 to
float angularly so that even if there is some misalign-
ment of tube 40 or clearance with surface 174, sealing
means 130 will accommodate for that misalignment and
clearance and still maintain a seal.

Referring now to FIGS. 3, 14, 15 and 16, yoke 50

I includes a pair of parallel side plates 176, 178 disposed
between top plate 180 and bottom plate 182. Side plates
176, 178 preferably have ahgned 45 degree cam slots
190 although the angle may vary dependmg upon fric-
tion and pressure. Cam slots 190 mclude an upper detent
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2 and a lower detent 194 which serve as mechanical
locking means for locking tube 40.in place and provide
an indication at the surface that tube 49 is in position.
The detents 192, 194 are recesses at each end of the cam
slot 190. The lugs 112 are moved an eighth of an inch
past center to lock lugs 112 into detents 192, 194. The
tube 40 acts like a cantilever beam or spring to maintain
lugs 112 in detents 192, 194. Guide slots 190 form bear-
ing surfaces 196 which engage the beating surfaces 114
of guide lugs 112 on guide end 110 of tube 40. As the

" yoke 50 cams the lugs 112 along the 45° slot 190, they
will move toward the centerline of the assembly apnd
click into the detents 192, 194. The resistance to the
bending of tube 40 causes Ings 112 to click into the
detents.

Top plate 180 includes a U—shaped aperture 184 for
receiving the lower end of tube 40. A pair of apertures
186 are provided on each side of U-shaped aperture 184
for hydraulic actuating means 60. A cutout 188 is pro-
vided for hydraulic lines 144 shown in FIG. 3. The
bottom plate 182 also includes a U-shaped aperture 185
for recetving the lower end of tube 40. Likewise, bot-
knnphﬂel&Zummnksacuunm189ﬁnﬂnwhanhchﬂnng
144. As dxstxnguxshed from top plate 180, bottom plate
182 includes a pair of apertures- 206 on each side of
U-shaped recess 185 for receiving the hydraulic actuat-
ing means 60, as hereinafter described.

Referring now to FIGS. 3, 4, I7and]8 the hydraulic
actuating means 60 includes a pair of pistons 200 and
cylinders 202, one on each side of yoke 50. Each cylin-
der 202 mcludes identical top and bottom plugs 206, 208
secured to- its.ends by fasteners such as bolts 210, 228.
Top and bottom plugs 206, 208 include bores 212, 214,
respectively. Each piston 200 includes an upper shaft
216 extending upvmmdhrthrough.apeﬂmme 212 and a
lower shaft 218 extending through‘lower aperture 214.
Plugs 206, 208 and piston 200 are’ appropriately sealed
with the inner wall of cylinder 202 by sealing means,
well known in the art, for contammg the hydraulic fluid
within cylinder 202. Hydraulic ports 220, 222 are con-
nected to hydraulic lines 224, 226, best shown in FIG. 3,
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which extend to the surface to hydraulic controls for
actuating hydraulic actuating means 60. Both pistons
200 and cylinders 202 are connected hydraulically in
parallel such that only two control lines 224, 226 are
required from the surface to actuate both plston and
cylinders. The pistons 200 move together in parallel.

« The hydraulic fluid inputs into one cylinder with a tee

going to the other cylinder.

Hydraulic actuating means 60 also includes upper and
lower hydraulic fluid release meéans 240, 242, respec-
tively. Referring particularly to FIG. 18, piston 200
includes a lower relief valve 244 as a part of upper
hydraulic fluid release means 240 and an upper rélief

valve 246 as 2 part of lower hydraulic fluid release -
means 242. Cylinder 202 includes an upper and lower -
relief groove 248,250 which is in fluid communication
with relief bores 252, 254, respectively. Upper and
lower plugs 206, 208 include communication ports 256,
258, respectively which provides fluid communication
between upper and lower hydraulic lines 220, 222 and
relief lines 252, 254 in the cylinder wall of cylinder 202,
respecuvely

During the up stroke, hydraulic fluid pressure is
placed in control line 226 below piston 200. The hy-
draulic pressure below piston 200 opens lower relief
valve 244 with the spring of upper relief valve 246
causing upper relief valve 246 to be closed. The hydrau-
lic fluid above piston 200 is vented through hydraulic
line 220 into control line 224. As piston 200 reaches its
uppermost position within cylinder 202, lower relief
valve 244 becomes aligned with upper relief groove
248. The hydraulic pressure from control line 226 is
then vented by by-passing piston 200 via relief line 252,
port 256 and hydraulic line 220. The operation of hy-
draulic actuating means 60 is reversed during the down
stroke. The venting of the hydraulic pressure provides
an indication of the stroke of the piston 200. Further,
relief valves 244, 246 reduce the number of hydraulic
lines required for the hydraulic. actuatmg means 60.



means for reciprocating said yoke to cause said guide tn_thft sai d
conduit nenber between said first and second posk REPEACPM
di sposed on said second term nus for sealingly eng
and said seal nenber including differenti al pressure-a
internal and external pressures to neves -said seal
engagenent with said second end. 11. A bore sel edqt
housi ng having a first end with at least a first bjre
with at | east second and third bores, said housi

extendi ng A dual shaft piston and cylinder is preferred for the
hydraulic actuating means 60. A single shaft piston and
cylinder is not pressure balanced and if exposed to pres-
sure will have a tendency to return to its original posi-
tion. A dual shaft piston is pressure balanced and if
control lines leak or are exposed to annular pressure,
there is no tendency for the yoke 50 to reciprocate so as
to shift the tube 40 from side to side. If the tube 40 is
connected to the production bore 16 and the annulus
bore 18 communicates with the annulus 84 around the
tube 40 in the housing 32, and if the annulus bore pres-
sure is high enough to act across the diameter of a single
shaft sticking out of the top plate of yoke 50, it could
move the yoke 50 downward and shift the tube 40. A
dnalﬂuﬁ%puﬁonixﬂancesanyezﬂmzwipma%umebecau&:,
the pressure acts equally both on the top and bottom
shafts.

The kmwer<end.cf'cyhnder 202:m received within
counterbore 142 in cover 132 of upper cage 70. Cylin-
der 202 is affixed to upper cage 70 by fasteners such as

'bokszzs‘Thecyhnderexmmdsupwmnﬂyfhxnthetop3
of upper cage 70 through apertures 206 in bottom plate
182 of yoke 50. The upper shaft 216 of piston 200 abuts
agamst the lower surface of top plate 180 of yoke 50 and -
is connected thereto by a fastener such as bolt 230. The
cylinder 202 provides a dual function, it provides a
guide to the stroke and reciprocation of yoke 50 and it

- also holds the yoke 50 from rotation within the housing
30. The motion of the yoke 50 does not cause it to have
a tendency to rotate.

In the assembly of the dual bore selector 10, the guide
tube 110 is welded at 232 shown in'FIG. 3 to a length of
pqxzﬁxnungtube‘ul'Tubelﬂ)n;uweﬂzd:nu)ﬂxth
shaped apertures 184, 185 of yoke 50. Likewise, tubing
40 is inserted into the U-shaped apertures 138 of upper
and lower cages 70, 72. The hydraulic actuating means
60, and in particular cylinders 202; are mounted within
apertures 206 adjacent each side’ plate 176 of yoke 50.
The upper shaft 216 is bolted to the top of plate 180 of
yoke 50 at aperture 186 and the ywer end of cylinder
202 is inserted into counterbore 142 and bolted to the
cover 132 of upper cage 70. Thxs assexnbly is then in-
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serted into the central bore 32 of housing 30 through the
lower end of housing 30 until upper cage 70 engages
downwardly facing annular support shoulder 146. Riser
adapter 38 is then inserted over tlie'upper end of tube 40
with lock nut 68 threadingly engaging the upper termi-
nal end of tubing 40 whereby adapter 38 bears against
upwardly facing annular shoulder 42 of housing 30. The
‘dual bore selector 10 is then connected to the top of
tubing hanger runmng tool 20 which supports a tubing
- hanger and string of tubing (not shown). As the tubing
string is lowered into the well throu,h the blowout
preventer stack, sections of riser pipe 12 are added. .

In operation, the dual bore selector 10 includes a first
position shown in FIG. 1 whereby the tube 40 commu-
nicates with preduction bore 16 via bore 166 in transi-
tion joint 150. As shown in FIG. 3, yoke 50 is in its
lowermost position with piston 200 also being in its
lowermost position within cylinder 202. Guide lug 112
is housed in detent 192 at the uppermost location of 45

+ degree guide slot 190. Housing 30 is an extension of the
annulus bore 18 if the tube 40 were aligned with the
production-bore 16 or it is the production bore 16 if the

~ tube 40 is aligned with the annulus bore 18.

Referring now to FIG. 2, there is shown the dual
bore selector 10 :in another posmon with tube 40 in
communication with annulus bore 18 via bore 168 in
transition joint 150. To shift tubing'40 from production
bore 16 to annulus bore 18, hydraulic actuating means
60 is actuated by hydraulic fluid passing into the lower
portion of cylinder 202 below piston 200. Upon actua-
tion of hydraulic actnating means 60, the piston 200

i ‘as shown in FIG.

. position shown in -

FIG. S. Upon the upward movement of yoke 50, guide

lug 112 engages the 45 degree bearing surfaces 196 of
guide slot 190. As guide lug 112 travels upward in guide
slot 190, tubing 40 is forced to shift toward annulus bore
18. The lower end of tube 40 s approximately 5%
inches between the centerlines of bores 16, 18. Tube 40
within yoke 50 travels an additional distance forcing
‘guide lugs 112 to travel past the centerline of annulus
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stored energy in tube 40. As shown in FIG. 5, guide lug
112 is received by lower detent 194 with tube 40 aligned
with anpulus bore 18. Guide wings 120 on the lower end
of tube 40 travel within guide slot: 170 formed by upper
and lower cages 70, 72. The engagement of guide wings
120 within guide slot 170 maintdins the downwardly
facing terminal end 118 of tube 48 parallel with the
upwardly facing surface 174 of running tool 150. Float-
ing seals 130 continuously sealingly engage the up-
wardly facing surface 174 of transition joint 150 to
maintain sealed fluid connections with either produc-
tion bore 16 or annulus bore 18.

While a preferred embodiment of the invention has
been shown and described, modifications thereof can be
made by one skilled in the art w1thout departing from
the spirit of the invention.
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I claim:

1. A bore selector comprising:

a housing having a first end with at least a first bore
and a seccond end with at least second and third
bores, said housing having a central bore extending
between said first and second ends;

a conduit member having a flow bore thcrcthmugh

with a first terminus connected to said first end -

communicating said flow bore with said first bore
and a second terminus adjacent said second end for

communicating said flow bore with one of Sald
second or third bores;

a yoke disposed within said central bore ad_)acent said
second end and having an aperture therethrough
for receiving said second terminus, said yoke being
recxprocably mounted about said conduit member
for reciprocation of said yoke with respect thereto;

a guide disposed on said yoke and about said conduit

member for flexing and elastically bending said

conduit member as said yoke reciprocates with
respect to said conduit member and thereby flexing
said’conduit member to laterally shift said second
terminus between a first position where said flow
bore communicates with said second bore and a
second position where said flow bore communi-
cates with said third bore; and

means for reciprocating said yoke to cause said guide
to flex said conduit member between said first and
second positions.

2. The bore selector of clan'n 1 wherein said guide

includes a key mounted on said conduit member, said
key being disposed within a cam slot in said yoke.

3. The bore selector of claim. 2 wherein said cam slot

forms 45 degree cam surfaces on said yoke for engaging
45 degree bearing surfaces on said key.

4. The bore selector of claim 2 ‘wherein said cam slot

includes detents for locking said key in said first and
second positions.

5. The bore selector of claim: 1 further including first

and second cages disposed w1thm said housing, said

sai d
rocating
en said

sle _'I menber



12. The bore selector of claim 11l wherein said s

g neans includes at

| east one netal ring disposed on said seal rrenbed{EPLA@;‘:@ sel ector
of claim 11 wherein said biasing neans includes |a ptu+at . dlil eville
spring washers. 14. A bore selector conprising: | r@‘lhﬂfi n? having a
first end with at least a first bore_ ;9 and a-gego JUE WYL b |1 east _
second and third bores, said housing havingjalcentral bore pxfending
bet ween said first and second ends; a condui t {menber having a f}] ow bore
t her et hr ough with a first term nus connect ethto——sadtfirst e

comuni cating said flow bore with said first bore
cages including bearing surfaces which engage sides of

said conduit member to mamta:;_x_ said second terminus

parallel with said second end.

6. The bore selector of claim 1 further including
gmde surfaces disposed within said housing and engag-
mg bearing surfaces on sides of said conduit member for
maintaining said second terminus in parallel relationship
with said second end as said conduit member shifts from
said first position to said second position.

7. The bore selector of claim 1:further including a seal
member disposed on said second terminus for sealmgly

engaging said second end.

8. The bore selector of claim: i ‘wherein said recxpro-
cating means includes a hydraulic actuator having one
end affixed to said second end of said housing and an-

other end affixed to said 'yoke." _
9. A bore selector comprising:

a housing having a first end with at least a first bore
and a second end with. at Jeast second and third
bores, said housing having a central bore extending

between said first and second

ends;

2 conduit member having a flow bore therethrough
with a first terminus conn cted to said first end
communicating said flow bore with said first bore
and a second terminus adJacent said second end for
communicating said flow bore with one of said

second or third bores;

a yoke having an aperture therethrough for receiving
said second terminus, said" yoke being reciprocably
mounted within said central-‘: bore adjacent said

second end;

a guide disposed on said yoke and about said conduit
member for flexing and- elastically bending said
conduit member and thereby 1aterally shifting said
second terminus between a first position where said
flowbore communicates with'said second bore and
a second position where sa1d flowbore communi-

cates with said third bore-_.

means for reciprocating said- yoke to cause said guide |
to shift said conduit member between said first and

second positions;

Hllllll IHIH i Il Illl



and a second term nus adjacent said second end for comuni cating said
fl ow bore wwth one of said second or third b
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a seal member disposed on said- second terminus for
sealingly engaging said second end; and

said seal member being movably dxsposed on said
second terminus whereby said second terminus
may be at an angle to said secggd end.

10. A bore selector comprising:: -

a housing having a first end with at least a first bore
and a second end with at least second and third
bores, said housing having a ¢t tral bore extending
between said first and secor _

a conduit member having 2 fl _bore therethrough
with a first términus connected to said first end
communicating said flow bore with said first bore
and a second terminus adjacent-said second end for
communicating said flow bore ‘with one of said
second or third bores; .

a yoke having an aperture therethrough for receiving
said second terminus, said yoke being reciprocably
mounted within said cent: ”ore .adjacent said
second end; .

a guide disposed on said yoke and about said conduit -
member for flexing and elast;ea]ly bending said
conduit member and thereby: e_rally shifting said
second terminus between a first position where said
flowbore communicates with ‘said second bore and
a second position where said flowbore communi-
cates with said third bore; ..

means for reciprocating said yoke to cause said guide
to shift said conduit member between said first and
second positions;

a seal member dlsposed on said second terminus for
sealingly engaging said second end; and

said seal member including chﬁ'erentml pressure areas
allowing. internal and external _pressures to move
said seal member into sealmg engagent with said
second end.

11. A bore selector comprising:’

a housing having 2 first end with ‘at least 2 first bore
and a second end-with at least second and third
bores, said housing having a central bore extending
between said first and second’ ends

R
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a- yoke having an aperture therethrough for receividg
term nus, said yoke being reciprocably nount ed Hol
adj acent said second end; a guide di sposed on sl ¢ ;
condui t menber for flexing and elastically bend|nj 6%%3 conduji tj nenber
and thereby laterally shifting said - gecond ternj nus Wed7a f]i rist
position where said flowbore comunicates w th gaild second bor nd a
second position where said flowbore conmuni - cgtes with saird i fd bore;

a conduit member having a flow bore therethrough
with a first terminus connected to said first end
communicating said flow bore with said first bore
and a second terminus adjacent said second end for
communicating said flow bore with one of said -
second or third bores;

a yoke having an aperture therethrough for receiving
said second terminus, said yoke being reciprocably
mounted within said central ‘bore adjacent said
second end;

a guide disposed on said yoke and about said conduit
member for flexing and elastically bending said
conduit member and thereby laterally shifting said
second terminus between 2 first position where said
flowbore communicates with said second bore and
a second position where said- flowbore communi-
cates with said third bore;

means for reciprocating said yoke to cause said guide
to shift said conduit member between said first and
second positions;

a seal member disposed on said second terminus for
sealingly engaging said second end; and

said seal member including sealing means for seal-
ingly engaging said second end and biasing means
for biasing said sealing means agamst said second
end.

12. The bore selector of claxm 11 wherein said seahng
means includes at least one metal nng disposed on said
seal member.

13. The bore selector of claim 11 whercm said biasing
means includes a plurality of bell_ ville spring washers.

14. A bore selector comprising:”,"

a housing having a first end with:at least a first bore
and a second end with at least second and third
bores, said housing having a central bore extending
between said first and second ends;

a conduit member having a flow bore therethrough
with a first terminus connected to said first end
communicating said flow bor '_'_Wxth said first bore
and a second terminus adjacent said second end for
communicating said flow bore ‘with one of said .
second or third bores; -

||II|II| IIIIII IIIlI ||||I lI IIII



means for reciprocating said yoke to cause said guide
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a yoke having an aperture therethrough for receiving
- said second terminus, said yoke being reciprocably
mounted within said central bore adjacent said
second end; .

a guide disposed on said yoke a_x;d_ about said conduit
member for flexing and elastically bending said
conduuxnemmmrandthen: terally shifting said
second terminus between a fi
flowbore communicates with:said second bore and
asecond;xmﬂuxxvdxxesal ﬂovﬂxnz:conunumb
cates with said third bor

means for reciprocating sai
to shift said conduit mem
second positions; and _

said yoke including upper and lower apertures for the
passage of said conduit member therethrough and
for allowing said conduit men ift wi
said yoke, said yoke furth: mcludmg parallel sides
on\whuﬂlsndzgndemsdmpo&ai

15. A bore selector comprising:.

a housing having a first end. wx_th-;‘at least a first bore
and a second end with at least second and third
bores, said housing having : ntral bore extending
* between said first and second-ends;

a conduit member having:a flow: bore therethrough
with a first terminus connected to said first end
communicating said flow bore with said first bore
and a second terminus adjacent saxd second end for
communicating said flow' W,
second or third bores;

ayokeIunnngzulapanurethenﬂbxoughfbrrecennng
said second terminus, said yoke being reciprocably
mounted within said central bore adjacent said
second end; -

a guide disposed on said yoke and. about said conduit
member for flexing and elastically bending said
conduit member and thereby laterally shifting said
second terminus between a first position where said
flowbore commumcatc_s ‘with said second bore and
a second position where sai ﬂowbore communi-
cates with said third bore;

means for reciprocating said yoke to cause said guide
to shift said conduit member betwccn said first and

_-_to cause said guide
'between said first'and

osition where said

ithin
gui de
end
nd
sai d



.a conduit nenber having a flow, bore therethrough __wth a first term nus

connected to said first end conmmuni cat i ng sai

bore and a second term nus adjacent said seconc
said flow bore with one of said second or thijr
aperture therethrough for receiving. 3aid secgn
reci procably mounted within said central bors

b@res a yoke

dj acent said

a gui de di sposed on said yoke and about said cgnduit meTTher—t of

#rdlHu$997saij d

pron irgaid first
nﬂ?%ﬁ]‘\gﬂtﬁﬂ ni cating

havi ng an
yoke bei ng
fecond end;
fl exing

Iy

and el astically bending said condui t nenber .4
shifting said SR
second posmons

bores, said housing havm_ entral bore extending
between said first and second ends;

a conduit member having a oW bore therethrough
with a first terminus connected to said first end
communicating said flow bore with said first bore
and a second terminus adjacent said second end for
communicating said flow _'re with one of said
second or third bores; §

a yoke baving an aperture th rethrough for receiving
said second terminus, said yoke being reciprocably
mounted within said central bore adjacent said
second end; ’

a guide disposed on said yoke 1d about said conduit
member for flexing and elastically bending said
conduit member and thereby laterany shifting said
second terminus between a first position where said
flowbore communicates with said second bore and
a second position where said flowbore communi-
cates with said third bar

means for reciprocating saic

" to shift said conduit mem
second positions; and

said hydraulic actuator inclu _dm a piston and cylin-
der; -

said cylinder having upper_and ower hydraulic ports
adapted for connection to. 2 source of hydraulic
fluid under pressure for applymg hydraulic pres-
sure to said cylinder, said upper and lower hydrau-
Lic ports also relieving the fluid pressure upon the
reciprocation of said piston within said cylinder,

'to cause said gunide
between said first and

thereby |ateral

said cylinder also having __pper and lower bypass- -

ports; |
said piston including uppe'_: an lower relief valves,
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.second term nus between a first position where
with said second bore and a second position
cates with said third bore; nmeans for reciprocgatjn
guide to shift said conduit nenber between sfai

- 24 - |-

onmuni cat es
rle conmuni -

ai‘!‘r@ﬂ-ﬁﬁ(e tc cause said

said lower relicf valve bemg in communication
with said upper bypass po:_t upon said piston mov-
ing to an uppermost position within said cylinder
and said upper relief valve bemgg__.m communication
with said lower bypass port upon said piston mov-
ing to a lJowermost position: within said cylinder;

said lower relief valve being m. e open position and
said upper relief valve bemg in-the closed position
in said wppermost position, said lower relief valve
-allowing fluid pressure to bypass said piston in said
uppermost position; _

said upper relief valve being in th_e Jopen position and
said lower relief valve bein -the closed position
in said lowermost position, u
allowing the bypass of hydmuhc fluid through said
piston in said lowermost position;

whereby the relief of the hydraulic pressure provides
an indication of the reciprocation of said piston.

18. A bore selector comprising: "

a housing having a first end with: at least a first bore
and a second end with at least 'second and third.
‘bores, said bousing having a ¢entral bore extending
between said first and second ends;

a metalli¢ conduit member having 2 flow bore there-
through with a first terminus connected to said first
end communication said flow bore with said first
bore and a second termmus-._-;_adjacent said second
end for communicating said: flow bore with one of
said second or third bores; and "

flexing means being said condmt;_ member to move
said second terminus laterally within said central
bore between a first position where said flow bore
communicates with said second bore and a second
position where said flow bore communicates with
said third Bore, said second terminus of said con-
duit member having guide means located aboat
said conduit member for. controlhng said lateral

motion. .
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second positions; a seal nmenber disposed on said seco

nd
termnus for seal ingly engagi ng said second end; and sai d seal nenber
i ncludi ng i nner and outer seal qr es housing inner and outer netal
seal rings. 16. The bore sel ector of "l ai ned.-§ wherein said hydrau- lic

act uat or

I I
I ncl udes a bal anced plsto SI%ZAC%?

BORE SELECT

A bore selector includes a.hc
having at least a first bore and?
second and third bores. A centr:
upper and lower ends. A tube ha
to the first bore and its lowe e

51ng with an upper end
lower end with at last
Bore axtends between the
its ‘upper end connected
idjacent the second and
third bores. A yoke, having an -aperture therethrough for

passing a tube, is rec1procably'm ”nted within the bore of
the housing. A hydraulic actuét érec;procates the yoke
whereby guide lugs move within ca'i§}§t5’to shift the lower
end of the tube between the .$3¢5ﬁd. and third bores.
(Figure 1). B
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e sel ector conprising:



TAVENT SHEET|
EMENT SHEET

a Housing having a first end with at least a first bore

'end with at | east second and third bores, said housin | tral
bor e extendi ng bet ween said first and second ends; rdjgapin@%er
having a fl ow bore therethrough with a first termnusjcgnnected ta sald
first end comuni cating said flQwijbare W|th said firstf bore and a
second term nus adj acent sal d second end for-- - comuni cadtilng—sae—F+ow
bore with on sai d 3 dor thlr aV|ng an
aperture theﬁ;-é&f'n]ough flo ece| vi ng H& gecond rﬁ% sai d yoke

bei ng reci procably dipthi-ed VM hin said Cg[l__t___l‘ al ' cggt sai d
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second end,; a gui de di sposed on said yoke and about said conduit

menber for flexing and el astically bendi ng said

condui t menber and

thereby laterally shifting-said second term ny

posi tion where said f I owbore communi cates .with

a second position where said flowbore gommuni-.

RE??gwggg%“dSEgFg and
igs g™, {rird.

bore; means for reciprocating said yoke to causq {
said conduit nenber between said first and . sedorld positions; an§l said
hydraul i ¢ act uat or includgng a piston and cylin- . der;
FIG.3 .
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said cylinder having upper and | ower hydraulic ports

connection to a source of hydraulic

hydraul i ¢ pres-

sure to said cylinder
lic ports also relieving the fluid pressure upon the
said piston wthin said cylinder,

adapted for

fluid under
sai d upper

- 8aid cylinder 4l

do BalHg T per

| ower bypass ports; sai d piston including upperf gnd | ower reli ¢f
val ves, '
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said |lower relief valve being in comrunication with said upper

-24-
bypass port upon said piston nov- ing to an upper ML -ROSHE S5 )
said cylinder and said upper relief valve being in fgﬁﬁ§ﬁ€€%£Wdﬁg§iﬂﬁ.h
sai d | ower bypass port upon said piston nov- =
-4 - 04 JUL 1997
FI1G.8
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A,

i'ng to a | owernost position within said cylinder; saif

cl osed position in said uppernost position, said |d
allowing fluid pressure to bypass said piston.izn saig
sai d upper relief valve being in the epénh-pos on ar
val ve being in the cl osed position I n said .l ower nDs

relief valve al | owi ng the bypass of hydraulic fluic

t

Rk ST

being in the open position and sai d upper relief vahwéubeﬂng

\'4

relTef val

t hr ough sai d

u@ﬂQﬂﬂpﬁE7p0“”

said | ower

Ve

e

p

in said | owernost position; whereby the relief .of the hydraulTc pressu

provi des an indication of the reciprocation of sai d piston
e FIG.9
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18. A bore selector conprising: a housing having a first end with at |east

a first bore

sai d housi ng having a central
a metallic conduit nenber

with a first termnus connected to sai & fé rst -
bore and a second term nus:
end for comunicating said flow bore with one of. s
and fl exing means being said conduit ne
said central K

second ends;

bore with said first

bor es;

t er m nus Iate?%hby wi t hin
17

and a second end with at
bore extending )
havi ng a-:f:l ow
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bore between
second bore &
said third bdr
gui de neans |
| at er al not

ﬁEPLA@EN&i@ S

E phere said fl ow bore
lition where said fl ow bore coRBRkd

sai d second|{t ¢rm nus of said con-
ocat@@MR)&R‘)B gaild conduit nenber for controlling said
i dn. :

dui t menber

-2 =

.. i,«rr. o

toe lowsst secnon i tie nser string extanding t¢ the
surface. The selector includes an upper tubular member
having a single bore in flow ccmmunicadon with the
riser string, 2 lower member having muldple bores
which align with the multiple bores of the subsea well-
head, and an intermediate secdon baving 2 rotary por-
tion which communicates with the single upper bore
and selectively communicates with each of the individ-
ual lower mulupze bores as the intermediata section is
rotated.

Various prior art patents disclose flowline switches
or selectors. U.S. Pat Nos. 4,133,418; 4,223,700;
4,291,724; and 5,129,459 disclose 2 flowline switch or
selector having 2 housing with a rotor mounted there-
within to rotate a tubular passageway extending
through the rotor so as to connect an upper port to one
of a plurality of ports at its lower end. U.S. Pat. No.
5,129,459 reciprocates and indexes the rotor tube up and

down thereby rotating the tube between various lower -

ports as the rotor tube rotates within the housing.

There are also several different types of diverters and
diverter valves for selecting between two conduits. U.S.
Pat. Nos. 2,752,944 and 3,664,376 illustrate push-pull
type diverters with a horizontally reciprocating piston;
U.S. Pat. Nos. 1,951,434 and 4,252,149 disclose flapper
type diverters having pivoting diverter members; and
U.S. Pat. Nos. 2,586,144 and 3,834,418 show diverters
having flexible members which are selectively moved
between two conduits.

The prasent mvennon overcomes the deficiencies of
the pror art.

SUMMARY OF . THE INVENTION

The bore selector of the present invention includes 2
housing with an upper end having at least a first bore
and ‘2 lower end with 'l_jast'second and third bores.

| S housing includes a central bore extending between

the upper and lower ends. A tube has its upper end
connected 10 the first bore and its lower end-adjacent

the sccend -and- thn'd bores A yokc havmg aperture
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FIG. 5 is a cross-sectional elevation view of the bore
selector with the hydraulic actuator having moved the
yoke to its uppermost position with the tube communi-
cation with the annulus bore of the wellhead;

FIG. 6 is a cross-sectional view at plane 6—6 in FIG.
5 showing the tube shifted into communication with the.
annulus bore as skown in FIG. §;

" FIG. 7is a cross-sectional elevation view of the upper
end of the bore selector showing the selector attached to
coiled tubmg and a riser extending to the surface;

FIG.8isa cross—sccuonal elevation view of the upper
end of the bore selector connected to concentric osers
extending to the surface;

FIG. 9 is an elevation view of the guide end of the
wbe of the bore selector;

_FIG. 10 is a cross-sactional view at plane 10—10 of
FI1G. 9;

FIG. 11 is a cross-sectional view at plane 11—11 of
FIG. 9; :

FIG. 12 is a cross-sectional elevation view of the cage
of the bere selector;

FIG. 13 is a top view of the cage shown in FIG. 12

FIG. 14 is a cross-séctional elevation view of the
yoke of the bore selector;

FIG. 15 is a top view of the yoke shown in FIG- 14

FIG. 16 is a cross-sectional view at plane 16—16 of
FIG. 14 showing the bottom piate of the yoke;

FIG. 17.is a “cross-sectional elevation view of the
hydraalic 3ctuaung means. of the bore selector; and

FIG. 18 is the cross-sectional elevation view of FIG
17 with the nydrauhc actuating means in the uppermost
positon.

DESCRII’IION OF-THE PREFERRED
i EM'.BODINENT

Rcferrmg mma.lly'to FIG 1, there is shown the bore
selector 10 of the present invention. Although the bore
selector may be used for communicating any upper bore
with ‘one or ‘more lower ‘bores, the bore selector 10 of -
the present:invedtion is. preferably used in the, oil field




