Bl T- RUN NOM NAL SEAT PROTECTOR AND METHOD OF OPERATI NG SAME BACKGROUND OF
THE INVENTION 1. Field of the Invention. [0001] The present invention
relates in general to an inproved wear bushing system and in particular
to an inproved bit-run wear bushing and tool and method of operation. 2.
Brief Description of Related Art [0002] A wear bushing or seat protector is
used in drilling applications to protect the inner profiles of the various
conponents in the wellhead. In the prior art, wear bushings typically have
been run or | owered down to the well head on a separate trip. One type of
bit run wear bushing is held to a tool via shear pins. This bit run wear
bushi ng haE-RUN NOMINALISINGE PROTEGTORIANBIMIETHOD QF OPHRATING SAMEI eval .
However, the bit run wear bushing is not suitable to protect all of the
seats inside a wellbore. Thus an inproved bit run wear bushing woul d be
desirabl e. SUMWWARY OF THE | NVENTI ON [ 0003] Various enbodinents of this
invention provide a way tgARKROUNIYOFCIHIONYENTT@Qes inside a wel | bore.
In an exenplary enbodiment, a running tool s atitached to a drill string.
One or nore seat protectors are attached to the running tool. Wen the
drill sgrh, Lﬁlkqw@{g%ninto the wellbore to performdrilling operations,
the sea ‘pE%%EC¥UTs—d%¥ath fromthe running tool as the tool passes

t hr ough[000#] The pmsent tinvdntiop relbtes tie genctdl tosaimprovddewtar tushiagaystemn apd &ce
during the drilling operation, and.are then retrjieved when the dril

string paltigylgg, 0 APy 66, bilpus ‘O(Eﬁrﬁ’ﬂgl’%g. angrip @IranthoErqdroF OPRIAERI- THE DRAW NGS
[0004] So that the manner in which the features, advantages and objects of

t he i nvgnBrieNDe&giptionlof RRmtéd Aer S which will becone apparent, are attai ned
and can_be understood in nore detail, 1 nore particular description of the

i nvent i BIR0BrAevey biishing ar e BIOEGOr ihyswkimdallipg apelieationtto prodect e inner
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drawi ngs forma par I's specification. It 1s to be note ver,
that t hecedmampmigweredidosmrta the wellhpadiorpa sfperateetlip. éisaypenivit rofi welrebushingiigt i on
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diameter for retrieval. However, the bit run wear bushing is not suitable to protect all of the seats

inside a wellbore. Thus an improved bit run wear bushing would be desirable.

SUMMARY OF THE INVENTION

[0003] Various embodiments of this invention provide a way to protect one or more surfaces
inside a wellbore. In an exemplary embodiment, a running tool is attached to a drill string. One
or more seat protectors are attached to the running tool. When the drill string is lowered into the
wellbore to perform drilling operations, the seat protectors detach from the running tool as the
tool passes through the surface to be protected. The seat protectors remain in place during the

drilling operation, and are then retrieved when the drill string is withdrawn from the wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] So that the manner in which the features, advantages and objects of the invention, as

well as others which will become apparent, are attained and can be understood in more detail,




invention may admt to other equally effective enbodi nents. [0005] Figure 1
is a sectional view showing the inside of a wellbore prior to installing, a
wear bushing. [0006] Figure 2 is a sectional view showi ng the well bore of
Figure 1 with a lower casing string installed, prior to installing a wear
bushing. [0007] Figure 3 is a sectional view showing the wellbore of Figure
1 wth a lower and mddle casing string installed, prior to installing a
wear bushing. [0008] Figure 4 is a quarter sectional view of a set of seat
pr ot ect woge panticulter daedriptien df theusventjowbrieflsi punmarized pbO@EIhaypeyhadebysrefaserce

quarter sectipnal ail. vi.ew show png.a,set of at .protectars.in &he

Se! heatt (if enBFineRiTheror MhicH i SIRHRR i 3 Gpadlaek ShiRis AP At DA o
sect i onpdrt & BWSpedIoHioe. 1thetShedted, Abwbvelalatale Ofawidpe iheahte oflyd prefedfed Of
Figure 4. [Q011] Figure 7 is a quarter sectional view of twa of the seat

pr ot ect Yreodimernt;of fhe inyenion; 3pd is ict]f?ﬁ'%ff"f?e'%ﬂté? e (cgneiderefl Emgingrotpisgigpe as theoo12]

Fi gure ByisioR nityhil toSffct bRRAY eM&We inbBdifehfs, the seat protectors of
Fi gure 4Vatlthe Iowero Iandﬂ%gygub 01? Fi gurg 1s [0013] Figure 9 is a side

view of the running tool of Figure 4. [0014] Figure 10 is a sectional view
of the 863 lHgwedcisgr secisgnal-ivignr showingnthe andidedof; ; weHeoraupriphier iastalling @j weare 1.
2 [001 SF'H ure 11 is a quarter sectional view of an alternative
configurati6n of the seat protectors of Figure 4. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT [ 0016] The present invention will now be described
nmor e f ul0DQ6]HEgwE 24k aeectiontlview Skovwing ¢het weltboee ofildiganeplawith adowkr asing stringi ch
illust ratte %Oditmn%ai'm t he.invention. This invention may, however, be
enbodi e‘&sf"]rlue 'H?f g lt"kgrﬁw?%b MAd shoul d not be construed as linited to

t he
[0007] Figure 3 is a sectional view showing the wellbore of Figure 1 with a lower and middle

casing string installed, prior to installing a wear bushing.

[0008] Figure 4 is a quarter sectional view of a set of seat protectors in the wellhead housing of

Figure 1.

[0009] Figure 5 is a quarter sectional detail view showing a set of seat protectors in the wellhead

housing of Figure 1.

[0010] Figures 6A and 6B are quarter sectional views showing the smart latch device of the seat

protectors of Figure 4.

[0011] Figure 7 is a quarter sectional view of two of the seat protectors of Figure 4 at the

intermediate landing sub of Figure 1.

[0012] Figure 8 is a quarter sectional view of one of the seat protectors of Figure 4 at the lower

landing sub of Figure 1.
[0013] Figure 9 is a side view of the running tool of Figure 4.

[0014] Figure 10 is a sectional view of the seat protectors of Figure 4 installed in the wellbore of

Figure 1.




illustrated enbodi nents set forth herein. Rather, these enbodinents are
provided so that this disclosure will be thorough and conplete, and w |
fully convey the scope of the invention to those skilled in the.art. Like
nunbers refer to Iike elenents throughout, and the prine notation, if

used, indicates simlar elenents in alternative enbodi ments. [0017]
Referring to Figure 1, a wellhead 10 is presented, and represented
generally by reference nuneral 10. The illustrated well head 10 has a

t ubul ar [HISEFigned | hisadquadesiengonbp vieivt df aaraltematve cdnfigeratidn of the sgnt pfotatirer
casi ng %EF%QQQPCtOV pipe 13 is attached to outer well head housing 10. The
i nner bore=concentrically accepts an inner well head housing 14 that is
supported by an inner well head housing support 16 on the outer well head
housi ng 12. The inner well head housing support 16 is a shoulder on the

outer wvellhead hous g 12 hat sl opes downvard a and mates with
the inner wel | FREEAHERDESGRIPTION OF THERREKE DIMENI. syspended

from the inner mellhééd héusihg iﬁ 6f t he ﬁellheéd Vib. I'n an exenpl ary
enbodi mMpoUL6] The prebdiee inveAGdMFillBow e AeRPiBEd Aorelfilly haRidAdet With réfB¥n&band.
for exanple, several thousand feet down to a firSt |anding sub 20. Bel ow
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Pack andTaRER "o dhPHET BBE coroeer endatl] RllyceobumHRGHEPe gl ikveiion b
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housing 1 | andi ng subs_ 20, 24 to protect bore surfaces of the inner

and ! : L
wel | heaﬂseﬁdﬂ&cﬂtﬁs simdlap¢lements inyjtegighve emBodimentsst NSP 30 is illustrated with
dashed lines within the inner well head housing 14. In addition, a second

NSP 32 o917 RMeARE th FidthO1 SF velRRLE 16 W hid6fifedOhind 1 eEén'ieﬁifjgén@ﬂaﬁ'y _’Bgrééfé#éngeo-
Finally, a third "'NSP 34 is presented in the illustrated enbodi frent to
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- The inner bore concentrically accepts an inner wellhead housing 14 that is supported by an inner |

wellhead housing support 16 on the outer wellhead housing 12. The inner wellhead housing

support 16 is a shoulder on the outer wellhead housing 12 that slopes downward and inward, and

mates with the inner wellhead housing 14.

[0018] A section of casing 18 is suspended from the inner wellhead housing 14 of the wellhead
10. In an exemplary embodiment, the upper casing 18 is a nominal 22" casing that may extend,
for example, several thousand feet down to a first landing sub 20. Below the middle landing sub
20, a middle casing 22 extends downward to a second landing sub 24. A lower casing 26

extends downward from the second landing sub 24.

[0019] A nominal seat protector ("NSP") is a type of wear bushing that may be inserted into a
wellhead component to protect the bore of the wellhead component from damage as drill bits,
drill pipe, etc., are passed back and forth though the bore of the wellhead component. In the
illustrated embodiment, an NSP may be deployed within the inner wellhead housing 14 and

landing subs 20, 24 to protect bore surfaces of the inner wellhead housing and/or landing subs.




than the mnimuminner dianeter of mddle |landing sub 20. In addition, the
m ni mum i nner dianeter of mddle |anding sub 20 is greater than the

m ni mum i nner dianmeter of lower landing sub 24. Simlarly, the outer
dianeter of first NSP 30 is greater than the outer dianeter of second NSP
32, which is greater than the outer dianeter of third NSP 34. [00211 In the
illustrated enbodi ment, the NSPs are bit-run NSPs that are deployed by a
runni ng tool ed as part of a drill string having a drill bit at the
bot t om £ Asst N o?ztglsllﬁusﬂia@dmthlqashedﬂmes with v thglmgbwelil@adngwirtgdﬁ A addition| |

I & he TIeon NaT o7 SRRl s bAcFbirk fhofion i\ el Janghl Py R ™

runni ngNsp Gh iprdsented G éet illasdttayedr ehidirsht &sproteet Bbre bdxrfa&bsr offe bxohdlmdiag down
t he Wellg [00221 As the drill string is | owered down through the inner
wel | heat! u5| ng 14, the second NSP 32 and the third NSP 34 pass through
the wel | head 12. Hovvever when the first NSP 30 reaches the inner well head

housi ng0820] THemimedh iNGP dBn@ATsIIRS ldndRigl RO Her¥R W dImasH heUdmigNd id freatnd
det aches fromthe second NSP 32 and the runni % tool, thereby remaining in
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second es t rst nd| n ub nd detaches fromthe third
NSP 34 @%3?%‘&8‘;% f‘?‘i‘berlt BI e?‘g qufﬁhbqéggg nside the first |anding
sub 20. As above, the drill string contlnues to descend through the second
NSP 32.[0621)dh lthy, illusttatsd dniteodiniem) thg NSPe lare’ SieMaSSRsats€ deployed i a@nsing 24,

t he th|r 34 engages, t he_ second di ng sub 24 and det.aches frqmthe
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operation of the running tool and NSP bushi ngs w'l di scussed in greater
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[0022] As the drill string is lowered down through the inner wellhead housing 14, the second
NSP 32 and the third NSP 34 pass through the wellhead 12. However, when the first NSP 30
reaches the inner wellhead housing 14, the first NSP 30 engages the inner wellhead housing 14
and detaches from the second NSP 32 and the running tool, thereby remaining in the inner
wellhead housing 14. The portions of the drill string above the inner wellhead housing 14
continue to descend through the center of the first NSP 30.

[0023] When the running tool reaches the first landing sub 20, the third NSP 34 passes through
the first landing sub 20. However, the second NSP 32 engages the first landing sub 20 and
detaches from the third NSP 34 and the running tool, remaining in place inside the first landing
sub 20. As above, the drill string continues to descend through the second NSP 32. Finally,
when the running tool reaches the second landing sub 24, the third NSP 34 engages the second
landing sub 24 and detaches from the running tool, remaining in place to protect the second
landing sub as the drill string continues to descend through the third NSP 34. The design and
operation of the running tool and NSP bushings will be discussed in greater detail in Figures 4-
11.




34 is an 18" NSP. The dinensions 22", 16", and 18" correspond to the

nom nal size in inches of the pipe which will eventually hang on the inner
wel | head housing 14 and the | andi ng subs, respectively. However, NSPs
havi ng ot her dianeters may be used. Any nunber of NSPs may be depl oyed on
a single trip, including, for exanple, two, three, four, or nore. The NSPs
may be sized to fit on any size seat wwthin the well head and may be used
with any size pipe. [0025] Referring generally to Figure 2, in the
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[0026] Referring to Figure 3, in an exemplary embodiment, the operator has drilled deeper
through casing 42 and retrieved the running tool and NSPs 32 and 34. The operator then installs
a string of casing 46 attached to a middle casing hanger 44. After cementing, the operator runs
the drill string down and re-deploys a first NSP 30 in the inner wellhead housing 14. In Figure 3,
the middle landing sub 20 supports a middle casing hanger 44. In an exemplary embodiment, the
middle landing sub 20 is a nominal 16" landing sub, which supports a nominal 16" middle casing
- hanger 44. A small diameter casing 46 is suspended from the from the middle casing hanger 44.
In an exemplary embodiment, the small diameter casing 46 is a nominal 16" casing. The small
diameter casing 46 may extend several thousand feet below the middle landing sub 20, and
extends through the lower landing sub 24. The first NSP 30 may be used to protect the inner
wellhead housing 14 after the middle casing hanger 44 is installed in the middle landing sub 20
and the well is being drilled deeper. Subsequently, the operator retrieves the drill string and the

first NSP 30, then runs a final string of casing which is supported on wellhead housing 14.




first NSP 30, then runs a final string of casing which is supported on
wel | head housing 14. 5 [0027] Referring to Figure 4, in the illustrated ,
enbodi nent, the bit run NSPs 30, 32, 34 are bushings that have a

cylindri cal shape rotated about an axis 50 with a bore through their
centers. The outer dianeter ("OD') of the first NSP 30 is smaller than the
i nner dianmeter ("ID') of the wellhead housing 14, wth the exception of

t he wel | head housing 14 |anding surface 76 which wll be described in
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NSP 34.weitherd ousingel4 1 thocasgie, 183andhys i isshwupesehan the ORyefghe tapeNSP 30.
engage g n b I t st -
position orq Ijt %gﬁéeu rﬁﬁﬁs{ﬁ 0%1 ?%EEQF%{B@ g’? tﬁ!%g])rﬁntr?? n‘%1 %‘? rﬁgﬁaﬁﬁ i %]ncan}hgn
cent r al inteemedifte lmmg(sahﬂﬁ,adnﬂzisaalsa:bsd tabthe IGIbef tﬁé)mtemtnediateaﬂiﬂ’ 32 set of

rai sed surfaces around the outside of the running tool 52. The outer m)st
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reference surface such as, for exanple, a spline that extends inward
beyond f of.t.om of
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a set of raised surfaces around the outside of the running tool 52. The outermost portion of the

centralizer rib 60 contacts the ID of the intermediate 32 and upper 30 NSP rings. The centralizer
ribs 60 keep the intermediate 32 and upper 30 NSP rings centered on the running tool 52 during

insertion and removal.

[0030] The ID of the first NSP 30 and second NSP 32 each has a running tool reference surface
62. This surface 62 may have the smallest diameter of any feature on the NSP 30, 32. The
centralizer rib 60 contacts the reference surface 62 to align the NSPs 30, 32 on the running tool
52. In some embodiments, the NSP may have a surface with a smaller ID than the reference
surface such as, for example, a spline that extends inward beyond the diameter of the reference

surface.

[0031] The top and bottom of the NSP may have chamfers forming a shoulder on the ID 66, 68,
the OD 70, 72, or both. The chamfers may help align the NSP into mating surfaces. The inner
chamfer surface 68 at the bottom of the first NSP 30 may help align the NSP with a lower NSP
32 or with the running tool 52. Similarly, the lower support chamfer 74 on the NSP 30 may help




the OD 70, 72, or both. The chanfers may help align the NSP into nmating
surfaces. The inner chanfer surface 68 at the bottom of the first NSP 30
may help align the NSP with a lower NSP 32 or with the running tool 52.
Simlarly, the | ower support chanfer 74 on the NSP 30 may help 6 align the
running tool 52 in the first NSP 30. The support chanfer 74 could al so
support the first NSP 30 on a | ower NSP, such as the second NSP 32 and
third NSP 34. [0032] The outer chanfer surface 72 at the bottom of the
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a | at chdgeChaRiusra NSPSA @Spéits € Kedoh@ NSH32, Thgch ﬁf:éﬁn{ lnggoﬁQ i ﬁét NRp 3.

groove 89 on the first NSP 30 and in a correspondi ng oove on second
NSP 32. Tt dhreoRRP ringg e Heeatipehedtte egcrtoomgsamm ngiedcbntoTthe ruriog toroil ﬁg o80heoul d

be, for reree | ocat ed
e o RIS SR P s Rl B GRRSHR B e 0
second W8Hba2. I am altesnative embodiment, each of the NSP rings 30, 32, 34 may be independently

attached to the running tool rather than nesting with each other.

[0035] Referring to Figure 5, in an exemplary embodiment, first NSP 30 has a retainer to prevent
one NSP from disengaging the adjacent NSP, such as, for example, to prevent first NSP 30 from
prematurely disengaging second NSP 32. The retainer could be, for example, a latch mechanism
such as a lock ring 80. The lock ring 80 fits in a groove 89 on the first NSP 30 and in a
corresponding groove 90 on second NSP 32. The lock ring 80 keeps the grooves aligned. The
lock ring 80 could be, for example, a split or snap ring. One or more release pins 82 located
behind the lock ring 80 prevent the lock ring 80 from disengaging the second NSP 32. In its
natural state, the lock ring 80 expands to release the adjacent NSP 32. The release pins 82

prevent the lock ring from expanding.

[0036] The NSP has a sliding sleeve 84 that contacts a shoulder 86 on the well head housing 14
or landing sub. The sliding sleeve 84 blocks the release pins 82 from moving. Alternatively, the

well head housing 14 could be a landing sub. When the sliding sleeve 84 contacts the shoulder




natural state, the lock ring 80 expands to rel ease the adjacent NSP 32. The
rel ease pins 82 prevent the lock ring fromexpandi ng. [0036] The NSP has a
sliding sleeve 84 that contacts a shoulder 86 on the well head housing 14
or | anding sub. The sliding sleeve 84 blocks the release pins 82 from
nmoving. Alternatively, the well head housing 14 could be a | andi ng sub.
When the sliding sleeve 84 contacts the shoulder 7 86, the sliding sleeve

84 is held stationary while the NSP 30 _continues to nmove down in the
vel | bor &, timaliding glegye 84 écheld siatippasy svhilerthe NSE3Q epptigyest Ranovsodayd 1y thsol ds

the slig] | : LAt Lt | ' |
11 ust r Se e, O Sidity slbcje s4Ba0 HluAXPEE 87 gl RErmfaly Holls TR R e g 81,
posi ti om the dove peitiond THSRetBth springi &Juisallbstrateldiis thes expandguiogisttion randfslitling

sliding,sleeves 84 on the NSPs 30, 32 t.he.running.tool 52.j.s i_.ng
he' NSrueess g B dPBn aiiNE R tsor ISR e2r R TEEs et RbePGibdh BPHEh .
the r et glidings§ledvey 88 on the NSPsCID, 133psIRGh ths trafng@tsdl 5D as Slovilighgle NSIBVZD, 82 i n
the up position. {1,12003711‘ The sliding sleeve 84 has a hole or_notch 88. Wen
t he not@Fpugh the wghkorgy The firse NSR| 3048 digyse § depictsithereiun shdeg 37 W ioedlapssdo t he

not ch, th QU ; I ¥ ~di sengage fromthe groove 90 in the
adj acené';ﬂl N%@%%.Sh%%@t eg4slﬁighcf§%gﬁogftggi/e 84 is in the down position, the
notch 88 is not aligned with the release pin 82 and thus the release pin
does nol003T]l Bw diding %We B# hgs 8boletop neteh B8d Wieeni the nefeh §8 alignstwithetheTpleasei r st

30 and ng 3 . have .l ock ri [ . c d
hira N 2 earIht B B8 g8 noll FRSURR ok HhE 5GRSRRENT aim R
first NGBo@dD( @ the edjheent NBRG4.t Néheh Eheodlidinpesleeive 84 diecin tikGdoym pdsaionethie metd
B
the Se%%@l{)ﬁﬂdpti@ inb@irdN9Bt. She 34 30BN sB@RA 30 INSPYBRV Iaek ﬁfi%’ HlcBighisBfs. 1He039]

Referring to Figure 5 in an exenplary enbodi ment, a | ockdown device may be
used t osecnddVSRy82 prdsthird VP34 have erpoved 9 regeiveaHockingal | ed on a | anding

sub. The | ockdown device could be, for exanple, an o-ring 91, a collet, or

an el asfﬂ@ﬁ@ "THe! B GFtnk BEstREEBH X gx%fitef 60 NRPID TR \SHBulde'86 on the wellhead
housing support rib 76. Thus the shoulder 86 supports the NSP 30. The OD of the second and
third NSPs 32, 34 is less than the ID of shoulder 86, thus the second and third NSPs 32, 34 may
pass through the shoulder 86.

[0039] Referring to Figure 5, in an exemplary embodiment, a lockdown device may be used to
provide resistance to removal of an NSP installed on a landing sub. The lockdown device could
be, for example, an o-ring 91, a collet, or én elastomer ring on the exterior of the NSP. The NSP
may have a groove 92 or some other shape to hold the lockdown device in place. The interior of
the wellhead housing 14 and landing subs 20, 24 may have a mating surface 93 that corresponds
to the location of the lockdown device of an installed NSP 30, 32, 34. The mating surface 93
could be a groove, a smooth surface, or could be any other shape. The mating surface 93 could
be on the wellhead housing or landing sub, but could also be on any other surface within the

wellbore upon which the NSP could be installed.

[0040] Referring to Figure 6A and 6B, a smart latch device 94 may be used to prevent the sliding
sleeve 84 from moving to the up position prematurely. A smart latch 94 could be any device that

locks the sliding sleeve 84 in place during movement, and unlocks only when the NSP 30, 32 is




may have a groove 92 or sone other shape to hold the | ockdown device in

pl ace. The interior of the well head housing 14 and | andi ng subs 20, 24 may
have a mating surface 93 that corresponds to the |ocation of the | ockdown
device of an installed NSP 30, 32, 34. The mating surface 93 could be a
groove, a snooth surface, or could be any other shape. The mating surface
93 could be on the well head housing or |anding sub, but could also be on
any other surface within the wellbore upon which the NSP could be

i nst al | ¢.2 powsojloqtEsr el ficase fuchaseatsheawdll dBad doysing t14) ai lndexgimplern4
may be r t i.ding...s I t T

posi 1 onTondibok @Y Shbuy 1l S if'h Aies3lf IAE PG Asub G I BB ttn} Bidine, .
sl i di ng skkeee84cdded im pgrace WuiFiguge Sp VEherit 76 anite wellbeddhoosihy 1Meedsésth®ISP
30, 32 is S? at .a proper location for rel ease,., such as at the well head
housi ng PUs 96 8. £t camRlS) prPSFInEcAsB e (e AS 96 HENILH ) COmpiess an FEPARIRIF IR of

pi ns 96 ogrtRatnelirt et Wath MhepiRNICWheh teinShie PrédSed Bl B8\e@pAMakldkink ©8 mhdved
groove 99 (Figure 5). The rib 76 on the wel |l head housi ng 14 depresses the

pi ns 96 desper figp ths gigpve 9. pndstbinelearghe sliding isleeys 8% allowingnthe NSH39 o move
conpres I I 8- 9 (P cl W } n_the
i ne. ar SoRRYEKPAIARENG M Jiime Mok PB4, | e SRR ingb ol BePhRera Bl |
99, and splitusng:|lean ekémplstyi aitndimdngaliestih]deallé (biging 5) be tNSK:1BReatl honving 14

dowmward relative.to the,slidjng sleeve 84. The expandab ri 98 qou/ d
e or 8 pRlvedeSige Tug e weflhord i S5t Eneisn RS AN o+ (IRE TRBURR: 76
(Fi gur e 93)ma3rbetufzed thrg' NSP thah R4t shidink4leek & add@aPBhé WcaBY hySvheRSoriBe bhidng
wel | bore that is sized to release the smart |atch 94. The smart latch 94
may be 888YF-on any NSP that has a sliding sl eeve and may be | ocated
anywhere on the sliding sleeve. [0041] The well head housing 14 (Figure
6B) pus 1} T8e WeliBkadYRRs@E 18 | e 1983 the FisONSP B O Shart 1406 64 indb Qflosk €€VeE
84. Ref Ig??i .]ng fo Fi g%reufsa, QThﬂ%gul Jgjﬁlsof the mnd?ng gub 76 1n wel | head
housi ngthessligingheleeva i nBeferring tolFigirad, Jhe sheuldet, ofithe tdndingl subs/6t inewellileadise
pi ns 82 . L Gh Gi.senga the. | ocking rj 80, fir NSP
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the wellbore. Similarly, the second NSP 32 may have a smart latch mechanism on its sliding

sleeve.

[0042] Referring to Figure 7, after the first NSP 30 (not shown) is detached from the second
NSP 32, the running tool 52 continues to descend the wellbore until it reaches the next landing
sub 20. Upon contacting the support rib 102, the sliding sleeve 84, including the locking ring 80
and smart latch 94, all operate in the same manner as the similar components on the top NSP 30.
The second NSP 32 detaches from the third NSP 34 and remains in place to protect the first
landing sub 20.

[0043] The OD of the intermediate NSP 32 is greater than the ID of the support rib 102. Thus
the support rib 102 engages the intermediate NSP 32 and holds it in place. The OD of the
bottom NSP 34 is less than the OD of support rib 102, and thus the bottom NSP 34 passes
throqgh the landing sub 20.




sl eeve. [0042] Referring to Figure 7, after the first NSP 30 (not shown) is
detached fromthe second NSP 32, the running tool 52 continues to descend
the well bore until it reaches the next |anding sub 20. Upon contacting the
support rib 102, the sliding sleeve 84, including the locking ring 80 and
smart |atch 94, all operate in the same nmanner as the simlar conponents on
the top NSP 30. The second NSP 32 detaches fromthe third NSP 34 and

ins i t tegt the first |andi b 20. [0043] The OD of th
it or o bioR#ERR&Bingo BT Bttt T ssrorsST B 610t s v Ipgebahet nymLbs ot

the supr@pt34f iR r&ﬁangmgg%na R HobR EE BRLEnNEE o deRBitt MO MWEFIboE unfll meace
The OD of the bottom NSP 34 is less than the OD of support rib 102, and
t hus t hthildoNBD FANSEhes theaserond landingusyh Z%eTharsdppngt g 02@nggpep (Dlﬁb441}pport

Ref erri e eco etached from
he bot 1AEke AELOLEE g srhe IBaeRas ARTNSRACR: 08 RS of ERAERRGE (o
descendtot descend|bcloor the Uaiding $ube24. t Ther t#HirdNSRP3Y fe@mitiRdn pldde tepoaddtheassbndg sub
24. The, s ort |b 104 engages the support surface 106 on the third NSP
34 and @Hgﬁg e third NSP 34 as the running tool 52 continues to
descend bel ow the | andi ng sub 24. The third NSP 34 remains in place to

pr ot ect [gohs] BlRCODGDS thedhihd rmspswls(?jgileate{r Qhhe T Sf (L sRbulldHa 0% hhiithblSRoudderi S
greater than the ID of the shoul der 104, thus the shoul der 104 engages t he

third NEP egages thafhird NoR) Ipsttesounmipg wéé%sasss%rth@gah thgseepad dandingsHblihg sub
24. [0046] Referring to Figure 9, the running tool 52 has threaded ends

110 th I gt ot
shown) afo'?’ﬁ&e] l?ég%ﬂrrllﬁngte ﬁgurelgg%@ r%ﬁﬁ% ops?gﬁ%ﬂggga&ra? n%lgg 1?'(? ltMt a%‘;vl ? o (bl@” e 4)

attac hemStaMaSb% s¢ctipe o dhe dﬁlld) Sltring (e Slhbwn)e Fhe running tdol $2, Vbtht muklplel Nﬁér ed

into th r eofd|II| e ary
enbodi rrlgr‘r”)t@eJ 9 34 éﬁ{g ?’zgtyacple(ggnaé/ob% PA e g‘é @‘tW% tﬁng?’ f},ag ‘?‘relm%'ts‘ﬁovm)
conpri slewaeadmts tiidwtlltaie o plemapose of dilihg tieweldl Inyancdxemplatyhémbliieaf the
runni ng too ri bs 60 ct as .a centralizer to center the NSPs on -

gt
the run?ﬂnﬂg‘lztebcsib%@ thpt, engage,t ‘?T'E)‘{Sé)r Ungsniiiolishew), camprisp diladsmthatarg spaseds 54

I's si Ze@rcufhferentially about the body of running tool 52. The ribs 60 act as a centralizer to center the

e

NSPs on the running tool 52. In an exemplary embodiment, the bottom set of ribs 54 is sized to
support the third NSP 34 (Figure 4). The OD of the support ribs 54 is greater than the minimum
ID of the NSPs 30, 32, 34 (Figure 4) and thus supports the NSPs vertically above it. The ribs 60,
54 may be in any location and shape suitable for engaging one or more NSPs. The engagement
surfaces on the NSPs may vary, and thus the configuration of the running tool 52 may vary

accordingly.

[0047] Referring to figure 10, the maximum outer diameter ("OD") of the first NSP 30 is larger
than the diameters of the second and third NSPs 32, 34. When the running tool 52 is lowered
into the wellbore, the first NSP 30 is the first of the NSPs to be engaged, and it is engaged by
shoulder 76 on well head housing 14. The well head housing shoulder 76 engages and supports
the first NSP 30. The second and third NSPs 32, 34, with their smaller diameters, pass through
the top well head housing 14 without engaging it.

[0048] The second NSP 32 has the next largest OD, and engages the next landing sub 20 in the
same manner the first NSP 30 engaged the first landing shoulder 76. The second NSP 32 has a
maximum OD that is larger than the maximum OD of the third NSP 34. The second NSP 32
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support the third NSP 34 (Figure 4). The OD of the support ribs 54 is
greater than the mninum [|D of the NSPs 30, 32, 34 (Figure 4) and thus
supports the NSPs vertically above it. The ribs 60, 54 nay be in any

| ocation and shape suitable for engagi ng one or nore NSPs. The engagenent
surfaces on the NSPs may vary, and thus the configuration of the running
tool 52 may vary accordingly. [0047] Referring to figure 10, the nmaxi num
outer diameter ("OD') of the first NSP 30 is |larger than the dianeters of
t he secengagsn dietshbmldeﬂ\msorsmp Bs. lax\M@Sttbhh‘l andrdetachest foarh th2third NSRAB4.eThe i nt o

t he wel | IS e fir he NSPs to be engaged, and
it is eﬁglgndg toépﬁ ﬁ'lr%ggg?g °8ﬂnW§ ?nggi[th%afgfllhode "14. The wel| head

housi ng shoul der 76 engages and supports the first NSP 30. The second and
third N$OBAIBThe 8drd NSR B4 eidpapes &H@édoﬁdl laldiagBile24, Tlmmﬁdhami@suthﬁmm wel |

ar gest Wﬁ%ﬁ“@#@&jﬁ%“ﬁﬁgg%@g% S5 GG 9B 2 i eSS SARRRW e
first NaR densnaaasd sebsndf laﬁ@fhg sﬁﬂ@u%s%h%%f laﬁtha-{réﬁga%‘%g‘aﬂ% Q?a rt_%ﬁlé@as a

maxi mum OD that is larger than the maxi mum CD of the thrrd

second Ramldep 106 of thp girgeNSE Bé& shoul der 102 on the first |anding sub 14 and
detaches fromthe third NSP 34. The running tool 52 and third NSP 34

continu ﬁﬁ%q I 0 : A

second %dsgl ngf%s 8 &fﬁg, ls@%%ﬁrg ({rglnsgfl?#g;ggglguzyg %rﬁlﬁg ‘gﬁlb% t hi %8%&%4
of f of BAe3% dh merrgmt)lwi fro@ the lanting subei24 G041 ol Whén thedtutirtiag thol 52 reatheistige
conti nug.d Ll b The second | andi ng has a sh uIder 104
Chat onfulsDNSe 286 bt s el an36F BiResBRtsR A B cidReea hbee
Ref erri d@ thied Risguseaﬂnt 1R &ie WRE ridgiolft ofthé kdtond Bindi@ u@mf 'VﬂféhttlleEth% INgpor e,
t he NSP rlngs 34 are rempved fromthe | an bs 24, 20, 14.

Wen t hé? F"t?ﬁli‘ﬁsr'ilge ﬁeS%‘Pd NOP 3eathmdep sheuldes P8 ?‘chﬂﬂﬂr‘éwsp t3 éob‘@f’tﬁéhﬁ sherders s on

the engggeiBBlontiiNgpOth and the engagenent rib supports the third NSP 34 as
it lifts the NSP ring off of the second | anding sub 24. Wen the third NSP
34 reaches the second NSP 32, the top shoulder 78 on the third NSP 34

cont act I0SHEAS fisuthird NSB; 34 difts: the sseand NISINSIRE 32, off of the first landing sub 20, the

sliding sleeve 84 is lifted off of the landing sub 20. The sliding sleeve return spring 86 is now
able to push the sliding sleeve 84 down. This forces the release pins 96 and the lock ring 80 on

the second NSP 32 to engage the lock ring receptacle groove 90 on the third NSP 34.

[0052] When the second NSP 32 reaches the first NSP 30, the top shoulder 78 on the second
NSP 32 contacts the shoulder 74 on the first NSP 30. As the second NSP 32 lifts the first NSP
30 off of shoulder 76 in well head housing 14, the sliding sleeve 84 is lifted off of the shoulder
76. The sliding sleeve return spring 86 is now able to push the sliding sleeve 84 down. This
forces the release pins 96 and the lock ring 80 on the first NSP 30 to engage the lock ring
receptacle 90 on the second NSP 32.

~ [0053] In an exemplary embodiment, each size NSP ring may nest together with any of the other
size NSP rings. Referring to Figure 4, the third NSP 34, for example, can nest with the second
NSP 32. Referring to Figure 11, if the third NSP ring 34 is not required in an application, the
first NSP ring 30 can nest with the second NSP 32 and the second NSP 32 can directly engage
the running tool 52 when the third NSP 34 is not present. Furthermore, the third NSP ring 34 is
sized to nest directly with the first NSP 30 without the use of second NSP 32. In an exemplary
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[0051] As the third NSP 34 lifts the second NSP ring 32 off of the first

| andi ng sub 20, the sliding sleeve 84 is |ifted off of the | anding sub 20.
The sliding sleeve return spring 86 is now able to push the sliding sl eeve
84 down. This forces the release pins 96 and the lock ring 80 on the
second NSP 32 to engage the lock ring receptacle groove 90 on the third NSP
34. [0052] When the second NSP 32 reaches the first NSP 30, the top

shoul der 78.on the s NSP 32 contacis the shoul d 74 on the first NSP
30, As SHEOUBERIANRICHSIGT RS THE SRERES (hGPNINgOR) 12 Grect N JBH TRV wel |
head hoyghdif adytef tho6the! Ngpg sl eeve 84 is |lifted off of the shoulder 76.

The sliding sl'eeve return spring 86 is now able to push the sliding sleeve
84 down. This forces the release pins 96 and the lock ring 80 on the first

NSP 30 0854ngs8&xemplarysunrbodime)t, the weighied the b@P@iﬂgtih@fﬁfée@rt@ihNSlanélzstallFéom]
| .
L 2 SSPRhe pEE A RaS A\ S WUl A0 TN P DREIRSN M a2

exanpl ehucani- mtonvsievihest dre nsmmnstaryNSE’ sBide eﬁbﬁﬁmehusgthe bitFing NtS@s 30,32, B4t he
third NSP r i s _not. require n.an icatio rlng 30
can nest® \‘R/Pgt ‘i’?a‘t“ﬁeél tgégt&'ﬁdnlﬂg’geé’ﬁ t@‘hlﬁ‘“@‘ﬁ% S@i@’o‘ﬂ% %ﬁ‘ tB%\NSE 'Pé’iﬁc MGage
the rundhbidich€?d may eibRR ahfi®otation 8eviNeE, sddh hs fd}(&arﬂ?l Saemohu@uﬁédﬂ@rhémm t he
third NSP. ring 34 1s sized to nest di Tectly with the first NSP 30 wit hout
t he usecoytd rsgdiEs forRapmpls, rofation Af the swling igol tmynk@%dhn N8Rt , any of the NSP
rings may engage the running tool 52 directly and thus be used without any

of the [9b8% '}J§P§em;£1919534ﬂbohﬂné}iﬁ the fie ﬁﬁx}ﬂe@m{er&*%e Bﬂﬁe Wiy lik‘to@%mﬁlhe NSP

ring is sufficient to d an installed NSP ring in place on the shoul der
76 of ifanthe dudl hlﬁe@dssmmhglm therNSRnln thiswaenthe NHPsis mrlevzd wlan the muhnigg tool

NP 303 1B 1B B0 i BEEREARY bl R B TR S Rl T by, T

| ock orbeunkemea vihena thSlHlli Btripp @0€s dcﬁmreno &ﬂh&(ﬂlbmnﬁrﬁd zmayf fha'rNSI’ss abdtetrigved at i on
devi ces, a | atching chani,smt could re h
‘%t $n an

, for e l e
for exa‘mﬂné € f*@ﬁ §1g s b rfmlfmhﬁgrveélssqe tl&e dpiniRetne tﬁé“?ﬁélﬂ“d Rl
exenpl aygp ﬁ{‘f%é)ﬂ éﬁﬁfbtfthé a4l ktﬂﬂgranq'tm@ NS‘Pfrlr%’]ﬁseQﬂionereﬁlt)vél Repefiithiss dré t 00

smal |l for bit to pass through the NSP. In this case, the NSP is
r et ri ewnstforngsd, dutirg thenendingryt ansertion and removal of the drlll string and do not require

additional time or additional trips down the wellbore.

[0056] While the invention has been shown or described in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.
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passes up through it so that the drill bit can pass through the |anding
sub. Al of the NSPs may be inserted when the drill string goes down into
the well bore, and all of the NSPs are retrieved when the drill string is
wi t hdrawn fromthe wellbore. The running tool to insert and retrieve the
NSP rings is part of the drill string, and thus the NSP ring insertion and
renoval operations are perforned during the ordinary insertion and renoval
of the S’WA!M' stri n(g_ and do not require additional time or additional trips
down th i§ glafaed IH056] Wil e the invention has been shown or descri bed
inonly some of its forms, it should be  apparent to those skilled in the
art thatl i Weld berssusdaee profeetion, apparetup omprdsiest i bl e to vari ous changes

w t hout departing fromthe scope of the invention. 12 Wiat is clainmed is:
1. A wel | bopaunfgtaelsS2drayingdirsiond spqead gndssforssepringintop dréll stiingiiand t ool 52
having first and second ends for securing into a drill string; and a first
wear bushi ngajstaredr bushingoifoandemsechnd weardpusiting 82.cdachvear tusbing hging eilamed

adapt ed j ed on th upni t ool, 52 first ar_bushi 30
bei g adfaf i BRIREAnERE0, 2 I 1R DR oyl e Beibi S BlenBitRd B o1
wear busileilbgre 30mpsneit $4nghgeid the Gt tfear bushitigBY i d¥engdped floheths eadivg 10BRT
bushi ngggz bei ng adapted to_pass through the first well bore conponent 14 to

engage a><BE AT hYsng AP BeiRe Adapisl o patsthiongh the fudvridorreampareshihtp 32

is di _59819%@6% seboRIMvEISoré YoRb&Ent 96) whdeinZthe 5B&naSS&FBuMLiRYE 38 i@bRnkaged
wherein the first 30 and second 32 wear bushings nest in ‘&ngagenent wth

each ot frem thprunaingrioall@. r unni ng tool 52. 3. The assenbly of claim 2,
wherein the first 30 and second 32 wear bushings are rel easably connected
to each other while on the running tool 52. 4. The assenbly of claim 1,
wherein the running tool 52 further conprises a centralizer 60 and wherein
t he cenr alhg essefBlclobstdim t.ewvberems thenfitsn3Or amdi agvehé r320fvesrhbushings tneste ar

bushing 30. 5. The assenbly .of claim1, erein the running tool 52
retri egeérégag%ergévd‘g’ﬁéa%\%tg?r‘é‘ﬂf@%‘?%‘b‘ewn“\‘gﬂ\é&{zﬁe second wel | gore conponent 20

by upward novenent from bel ow the second wel | bore

3. The assembly of claim 2, wherein the first 30 and second 32 wear bushings are releasably

connected to each other while on the running tool 52.

4. The assembly of claim 1, wherein the running tool 52 further comprises a centralizer 60 and

wherein the centralizer 60 closely receives an inner diameter of the first wear bushing 30.

5. The assembly of claim 1, wherein the running tool 52 retrieves the second wear bushing 32
from the second wellbore component 20 by upward movement from below the second wellbore

component 20.

6. The assembly of claim 5, wherein the second wear bushing 32 retrieves the first wear bushing
30 from the first wellbore component 14 by upward movement of the second wear bushing 32

and running tool 52 from below the first wellbore component 14.
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conponent 20. 6. The assenbly of claimb5, wherein the second wear bushing
32 retrieves the first wear bushing 30 fromthe first well bore conponent
14 by upward novenent of the second wear bushing 32 and running tool 52
frombelow the first well bore conmponent 14. 13 11 7. The assenbly of claim
1, further conprising a third wear bushing 34 releasably attached to the
running tool 52, the third wear bushing 34 having a snmaller nmaxi mum outer

di anet i qum di aneter of.the second ar bushing 32, so
that trs THE Remalr o FobBher ol Rk slhint oie’ Fronie HrialeesbBrat bor o
conponetht sunbing 30 51, altdthird Mebar BhsBRHBER! IR 4 HhdlRr WakinReX ButeCARRSRLNN 34 8.
The assenbl% im1, further conprising a |atch mechani sm 80 that

f cl
r el easdBf¥/™ g’? %‘ng_s‘%ﬁ‘ﬁéter pf theseapmd ayrar Sudhéned 3 30 Weed thartherH iwrgs beshingardssest her
whi | e afrduldR i £ e0fd @@lb%@an?o?@rﬁ?sl4,tﬁ IanE%J b reﬁgéé opgﬁﬂfr@ g«eﬁg?rﬁgom

t he second wear bushing 32 when th Irst wear shi ng S on
first ve@mpeoem 2donponent 14. 9. The assenbly of claim8, wherein the latch
mechani sm 80 conprises an interlock 80 having a first position and a
second position, wherein the first position prevents axial novenent between
the first wear bushing 30 and the second wearing bushing 32; the second
posi t iddh Bma;iserﬁblwof allainmb,v?rt\i?\;]tt‘cohqirm&iagm latoke nfe'blﬁeﬁﬁsnm&aﬂxabté&ﬁbdbg/ ﬁ&hléﬁnmﬁ t he
secon shin 2: a erei n_ an, actuyator 82 npves .the interlock 80
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and a secgond 32 wear bushing to a running tool 52; (b) lowerinhg the running

t ool 52heHrshwalhare cempongst Hl-ong with the first 30 and second 32 wear
bushings into a wel |l bore;

9. The assembly of claim 8, wherein the latch mechanism 80 comprises
an interlock 80 having a first position and a second position,

wherein the first position prevents axial movement between the first wear bushing 30 and

the second wearing bushing 32;

the second position permits axial movement between the first wear bushing 30 and the

second wear bushing 32; and wherein

an actuator 82 moves the interlock 80 from the first position to the second position.
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(c) detaching the first wear bushing 30 fromthe running tool 52 at a first
surface 14 to be protected as the drill string is |owered; and (d)
continuing to lower the drill string and detaching the second wear bushing
32 at a second surface to be protected 20. 11. The nethod of claim 10,
further conprising, after detaching the first 30 and second 32 wear

bushi ng, continuing to lower the drill string and rotating the drill string
to performdrilling. 12. The nethod of claim 10, wherein the first surface
14 has 401 &gethod ferotetiageserfacetinfide hwelare pemprisiigace 20, the first wear
bushing 30 has a | arger outer dianmeter than the second wear bushing 32, and
t he i nnés) aipehing @ﬁrSG)gO airba $ecost 3 wedrdushing td srugoiol tadh42; t he first wear
bushing 30 ands on the first surface 14 while the second wear bushing 32
passes (Brlowgting ithe funnisg teelrFacrea Wi4ill §8ng Flvageitthtnd fakt 30 andrsetOnd BReveat n
step (a% further conprises locking the first 30 and second 32 wear bushing
to each 3#W5?IWP@ﬁw3 Pgbking mechani sm 80. 14. The nethod of claim 13,

wher ei n st c onpr.ises rel.easing the | ocking meghani gsm 80 i n esponse
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sur f ace pidectetfas tHOGiIMREAOR 16kered;an 10, wherein step (a) conprises:
stacking the first 30 and second 32 wear bushi ngs on an upward faci ng
shoul de(d)&@nﬁfluiﬁ@% [0 iR drk 1P Hring nd MRtaching the second wear bushing 32 at a second

surface to be protected 20.

11. The method of claim 10, further comprising, after detaching the first 30 and second 32 wear

bushing, continuing to lower the drill string and rotating the drill string to perform drilling.

12. The method of claim 10, wherein
the first surface 14 has a larger inner diameter than the second surface 20,
the first wear bushing 30 has a larger outer diameter than the second wear bushing 32, and

the inner diameter of the first surface 14 is such that the first wear bushing 30 lands on the first

surface 14 while the second wear bushing 32 passes through the first surface 14.

13. The method of claim 10, wherein step (a) further comprises locking the first 30 and second

32 wear bushing to each other with a locking mechanism 80.

14. The method of claim 13, wherein step (c) comprises releasing the locking mechanism 80 in

response to downward force after the first wear bushing 30 lands on the upper surfacel4.

15. The method of claim 10, wherein step (a) comprises: stacking the first 30 and second 32

wear bushings on an upward facing shoulder 56 of the running tool 52.

15




