FLUSHI NG PROCEDURE FOR ROTATI NG CONTROL DEVI CE BACKGROUND Fi el d of the

Di scl osure [0001] The present disclosure generally relates to apparatus and
met hods for managed pressure drilling. More particularly, the present

di sclosure relates to apparatus and nethods to drill subsea well bores

of fshore through drilling risers in managed pressure drilling operations.
More particularly still, the present disclosure relates to apparatus and
met hods i ncluding rotating control devices having packing el enents
retrievabl e through upper portions of drilling risers. Background Art
(0002] Wl | bores are drilled deep into the earth's crust to recover oil and

gas deposi ' L O ' | , wel | bor es
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friction involved in drilling Fﬂaﬁgngﬂ the earth's formation,
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Furthernore, in addition to c%ﬁi?ﬁ@h%ﬁﬁcbﬁﬂFicating the drill bit,

driIIing mud al so perforns the secondary and tertiary Unctions of renoving
the dPPP1] cut t iThgpréseetndlistesuro sensmlbt reldis wearparaiue aad dnghgsisyion gagaged
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methods to drill subsea wellbores offshore through drilling risers in managed pressure

drilling operations. More particularly still, the present disclosure relates to apparatus and
methods including rotating control devices having packing elements retrievable through

upper portions of drilling risers.

Background Art

[0002Z] Wellbores are drilled deep into the earth’s crust to recover oil and gas deposits
trapped in the formations below. Typically, these wellbores are drilled by an apparatus
that rotates a drill bit at the end of a long string of threaded pipes known as a drillstring,
Because of the energy and friction involved in driling a wellbore in the earth’s
formation, drilling fluids, commonly referred to as drilling mud, are used to lubricate and
cool the drill bit as it cuts the rock formations below. Furthermore, in addition to cooling
and lubricating the drill bit, drilling mud also performs the secondary and tertiary
functions of removing the drill cuttings from the bottom of the wellbore and applying a

hydrostatic column of pressure to the drilled wellbore.

[0003] Typically, drilling mud is delivered to the drill bit from the surface under high
pressures through a central bore of the drllstring. From there, nozzles on the drill bit
direct the pressurized mud to the cutters on the drill bit where the pressurized mud cleans
and cools the bit. As the fluid is delivered downhole through the central bore of the
drillstring, the fluid returns to the surface in an annulus formed between the outside of the
drillstring and the inner profile of the drilled wellbore. Because the ratio of the cross-
sectional area of the drillstring bore to the annular area is relatively low, drilling mud

returning to the surface through the annulus do so at lower pressures and velocities than
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pressures through a central bore of the drillstring. Fromthere, nozzles
‘on the drill bit direct the pressurized nud to the cutters on the dril

bit where the pressurized nmud cleans and cools the bit. As the fluid is
del i vered downhol e through the central bore of the drillstring, the fluid
returns to the surface in an annulus fornmed between the outside of the
drillstring and the inner profile of the drilled wellbore. Because the
ratio of the cross-sectional area of the drillstring bore to the annul ar
area is relatively low, drilling nmud returning to the surface through the
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fl ow control devices known as bl owout preventers ("BOPs"), are nandatory

on nost welrdsr grmal g@ditigahy. One type of BOP is an annul ar bl owout
preventer. Annular BOPs are configured to seal the annular space between
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annular BOPs may even be capable of sealing an open bore. While annular BOPs are

configured to allow a drillstring to be removed (i.e., tripped out) or inserted (i.e., tripped
in) therethrough while actuated, they are not configured to be actuated during drilling
operations (i.e., while the drillstring 1s rotating). Because of their configuration, rotating
the drillstring through an activated annular blowout preventer would rapidly wear out the

packing element.

[0006] As such, rotary drilling heads are frequently used in oilfield drilling operations

where elevaied annular pressures are present. A typical rotary drilling bead includes a



‘packi ng el enent and a bearing package, whereby the bearing package all ows
the packing elenment to rotate along with the drillstring. Therefore, in

using a rotary drilling head, there is no relative rotational novenent
bet ween the packing elenent and the drillstring, only the bearing package
exhibits relative rotational novenent. Exanples of rotary drilling heads

include U S. Patent No. 5,022,472 issued to Bailey et al. on June 11,
1991, assigned to Drilex Systens, Inc., and U S. Patent No. 6, 354, 385
issued to Ford et al. on March 12, 2002, assigned to the assignee of the

present application, and both hereby |ncorporated by reference herein in
their entiRaekipg clomsotandrrehraring Prikass oFheredy thnlbeaipa paceas tlovisdhe Reekie
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are drawbacks to using a heavy drilling mond. For one, heavier mud is more difficult to

pump down through the drill bit at high pressures, and may result in premature wear of

pumping and flow control equipment. Further, heavier mud may be more abrasive on

drilling fluid nozzles and other flowpath components, resulting in premature wear to drill

bits, mud motors, and MWD telemetry components. Furthermore, heavier mud may also

not be as effective at cooling and removing cuttings away from drill bit cutting surfaces.



[ 0010] Wi |l e MPD operations are relatively sinple operations to perform on
| and, they becone considerably nore difficult and conpl ex when deal i ng
with offshore drilling operations. Typically, an offshore drilling
operation undertakes to drill a wellbore froma subsea wel |l head installed
on a sea floor. Typically, depending on the depth of water in which the
operations are to be carried out, a long string of connected pipe sections
known as a riser extends fromthe subsea wellhead to the drilling rig at

t he surface. Under normal operations, a drillstring may extend fromthe
drilli ng rig, through the riser and to the wellbore through the subsea

vel | hEQ89hs i f Qmvealiarmasive de dlrillingsinafoemations hevigg telaveied pressure Hermusiohh oy e
itsel f. Housver. . ri S Qe i articul arl.y. in. very.deep
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appar at us A°8*f%iSPal | ed. Once installed, MPD operations may proceed with
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enbodi nents .of the. present djsclosure are directed. to a riser assenbl
such, to avmdpextreme underbalanced condltelons whﬁe dn'll%ng in deep water, MPD y

operations are increasingly becoming important for offshore drilling rigs.

[0011] Drawbacks to performing operations with former offshore rigs include the
elevated pressures associated with MPD operations. Particularly, various components
(e.g., slip jomnts, diverter assemblies, etc.) of the upper portion of riser assemblies are not
designed to survive the elevated pressures of MPD operations. One solution produced by
Williams Tool Company, Inc. is known as the RiserCap™ rotating control head system.
In this system, the upper portion of the riser assembly is removed and a rotary drilling
head-type apparatus is installed. Once installed, MPD operations may proceed with the
exposed drillstring engaging the top of the RiserCap™ assembly (located below the rig

floor) and extending into the lower riser assembly. The rotating head assembly of the
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and net hod of use that enables both MPD and non- MPD operations to be
performed with a single riser assenbly. Particularly, the riser assenbly
di scl osed allows for rapid switching between MPD and non- MPD operati ons
wi t hout requiring conplicated nmakeup and t ake-down operations to be
performed on the riser. Furthernore, enbodinents disclosed herein allow a
pre-existing riser assenbly to quickly and easily be converted to dual

pur pose MPD/ non-1\ {1'D operation. SUMVARY OF CLAI MED SUBJECT MAT | ER
[0014] I n one aspect, enbodinments disclosed herein relate to a nethod of
flushing a wellbore fluid froma downhol e tool containing a beari.

) ¢ i.n
package, thserepRbiolars| thelivgh-prasssrongnywAd fhiuds fowi e ipowgreaand @8%?5 one
of a hydraylLi Gl isd ifha | MPIS ofdraforR BRUBRLAS, dddlial BOR
connectedqgghﬁﬁgﬂ%g%ﬁwﬂgﬁgﬁﬁ%ugﬁ% ?ﬁ?% an gﬁﬁﬁlus formed between the
beari ng paskagrzednitie RismCap Poassémigly § rerhevedogushibk awpperoportiom ef dienforther
hydraulic oil re @%fes fhe wel | bore fluid in the annul us, renoving the
vel | bore 5T 8PP IR 8¥hul us t hrough at |east one hydraulic outlet Iine

and | east one pneumat i utl et |ine connected .the i 0 _housing,
purrpﬁt'qglgfr thr%‘EFg‘ﬁS“FH’Ethaﬂc'-‘e &é%% apghﬁéygﬁ%ﬁ??aﬁt@%ynmmw Rgold W\e@gt o the
mat h housi;gghRadihmSani H8oddrer Adradhiver & deqliF@Bat Bmdtan| MABopeRAEon is
pneumatic I nlet i ne connected to the main housing, and renoving the

hydr aul i ¢ ellpd foir Beegvsathe upast pastien pitbe dalling rsen ipdidipg fie dvwkeetsed®bo t he
mai n housi ng. .1 0015]. pact s, adl i asgd I | at e
to a fl ushﬁnﬁgﬂ%fg% Zrhé (f)tf8111 ?%ﬁn%v\a/e?hgﬁaﬁlvﬁgﬁzgorg%? u?sag?flgjjﬁq a d(f)(;v%nelﬁlogﬁ IgPtbgol
cont ai ni ngpardieas.i ngs padk ageirs tofierid Itingh it gesys taedn subsiquetithyg diaméhtiss theng

bl ock into whic mai n hydraul.ic oiLl inl line and_a .main air inlet [ine
are rout eoI,{“"%HC‘“‘II;lr ehdggﬁteﬁ’n‘ﬁu%gpﬁi’gﬂﬁt?ﬂoﬁ eagh ﬁ%ﬂe"p@@ﬂﬂ%cpﬁlﬂlﬁoﬁ’ r?‘h%nf‘ﬁ]cﬁ’&hsi ng
of the downph@bfigt 9RlceaRithad ad £A%Ini0HOnVIERGKI s, At R ddvbRe 16 eloRagtied to a
mai n housi ng of "t he downhol e tool, and at | east one pneurmatic inlet |ine

connect ed RiserCap™haysismandsillithe wolipgendmpors Fanpasents asfgcigied theaetithne

pneumatic outlet |ine connected to the main housing of the downhol e tool.
[ 0016[004REr aspscsiwhaedbatimants afds: mwickdnt disclapparendirdctedrip tahidsef essemhing
descripti Oarildar;]lgthod of use that enables both MPD and non-MPD operations to be performed
with a single riser ‘assembly. Particularly, the riser assembly disclosed allows for rapid
switching between MPD and non-MPD operations without requiring complicated make-
up and take-down operations to be performed on the riser. Furthermore, embodiments
disclosed herein allow a pre-existing riser assembly to quickly and easily be converted to

dual purpose MPD/non-MPD operation.

SUMMARY OF CLAIMED SUBJECT MATTER

[0014] In one aspect, embodiments disclosed herein relate to a method of flushing a
wellbore fluid from a downhole tool containing a bearing package, the method inchuding
pumping hydraulic oil through at least one of a hydraulic inlet line and at least one of a
pneumatic inlet line connected to the main housing and into an annulus formed between
the bearing package and a main housing of the downhole tool, wherein the hydraulic oil
replaces the wellbore fluid in the annulus, removing the wellbore fluid from the annulus
through at least one hydraulic outlet line and at least one pneumatic outlet line connected
to the main housing, pumping air through the at least one pneumatic inlet line connected

to the main housing and removing the hydraulic oil from the at least one pneumatic inlet
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t he appended cl ai ns. BRI EF DESCRI PTI ON OF DRAW NGS

an offshore drilling platformin accordance with enbodi nents of the

present discl osure.

control

device in accordance with enbodi nents of the present disclosure.

[0019] Figure 3 is a section-view drawing of a bearing package of the
rotating control device of Figure 2. [0020]Figure 4 is a section-view
drawi ng of a packing elenment of the rotating control

line connected to the main housing, and removing the hydraulic oil through at least one

pneumatic outlet line connected to the main housing.

[0015] In other aspects, embodiments disclosed herein relate to a flushing system for

removing a wellbore fluid from a downhole tool containing a bearing package, the
flushing system including a flushing block into which a main hydraulic oil inlet line and a
main air inlet line are routed, at least one hydraulic inlet line connected to a main housing
of the downhole tool and at least one hydraulic outlet line connected to a main housing of
the downhole tool, and at least one pneumatic iniet line connected to the main housing of
the downhole tool and at least one pneumatic outlet line connecied to the main housing of
the downhole tool.

[0016] Other aspects and advantages will be apparent from the following description and

the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

- [0017] Figure 1 depicts an offshore drilling platform in accordance with embodiments of

the present disclosure.

[0018] Figure 2 is a section-view drawing of a rotating control device in accordance with

embodiments of the present disclosure.

[0019] Figure 3 is a section-view drawing of a bearing package of the rotating control

device of Figure 2.

[0020] Figure 4 is a section-view drawing of a packing clement of the rotating control

device of Figure 2.

[0621] Figure 5 depicts a rumning tool to install or retrieve a packing clement of a

rotating control device in accordance with embediments of the present disclosure.

[0022] Figure 6 is the running tool of Figure 5 shown retaining a packing element.

[0023] Figure 7 depicts a running tool to install or retrieve a bearing package of a

rotating control device in accordance with embodiments of the present disclosure.

[0017] Figure 1 depicts

[0018] Figure 2 is a section-view thawing of a rotating



device of Figure 2. [0021]Figure 5 depicts a running tool to install or
retrieve a packing elenment of a rotating control device in accordance with
enbodi ments of the present disclosure. [0022]Figure 6 is the running tool
of Figure 5 shown retaining a packing elenent. 100231Figure 7 depicts a
running tool to install or retrieve a bearing package of a rotating
control device in accordance with enbodi nents of the present disclosure.
[0024] Figure 8 is the running tool of Figure 7 shown retaining a bearing
package. [0025]Figure 9 is a schematic view of a flushing systemused with

the rotating control i ] : o )
[0024] Figure 8 is the running tool of Figure 7 shown retaining a bearing package.

_[0025] Figure 9 is a schematic view of a flushing system used with the rotating control

device in accordance with embodiments of the present disclosure.

[0026] Figure 10 is a housing of a rotating control device in accordance with

embodiments of the present disclosure.

[0627] Figure 11 depicts a running tool to install or retrieve a protective sleeve of a

rotating control device in accordance with embodiments of the present disclosure.

[0028] Figure 12 depicts the running tool of Figure 11 installing a protective sleeve into
the rotating control device of Figure 10.

DETAILED DESCRIPTION

[0029] Selected embodiments of the present disclosure inciude a rotating control device
and its use fo isolate a lower portion of a drilling riser from an upper portion of a drilling
riser. Particularly, the rotating control device may be useful in managed pressure drilling
MPD operations where fluids in the annulus of the drilling riser are pressurized over their
normal hydrostatic (i.e., their weight) pressure in an effort to more effectively control
drilling conditions in a subsea well. In selected embodiments, the rotating control device
enables a drillstring engaged therethrough to be rotated and fripped m or out of the
wellbore while maintaining the seal between the upper portion and the lower portion of
the drilling riser. Furthermore, selected embodiments of the present disclosure include a
rotating control device whereby the seal apparatus thereof is retrievable therefrom

without disconnecting any portion of the drilling riser.

[0030] Referring now to Figure 1, a portion of an offshore drilling platform 100 is
shown. While offshore drilling platform 100 is depicted as a semi-submersible drilling
platform, one of ordinary skill will appreciate that a platform of any type may be used
mcluding, but not limited to, drillships, spar platforms, tension leg platforms, and jack-up
platforms. Offshore drilling platform 100 includes a rig floor 102 and a lower bay 104.
A rniser assembly 106 extends from a subsea wellhead (not shown) to offshore drilling

platform 100 and includes various drilling and pressure control components.
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device in accordance wi th enbodi nents of the present disclosure.

[ 0026] Figure 10 is a housing of a rotating control device in accordance

wi th enbodi nents of the present disclosure. [0027]Figure 11 depicts a
running tool to install or retrieve a protective sleeve of a rotating
control device in accordance with enbodi ments of the present disclosure.

[ 0028] Figure 12 depicts the running tool of Figure 11 installing a
protective sleeve into the rotating control device of Figure 10. DETAILED
DESCRI PTI ON [ 0029] Sel ect ed enbodi nents of the present disclosure include a

rotating control device i . )
[00631] From top to bottom, riser assembly 106 includes a diverter assembly 108 (shown

including a standpipe and a bell nipple}, a slip joint 110, a rotating control device 112, an
annular blowout preventer 114, a riser hanger and swivel assembly 116, and a string of
riser pipe 118 extending to subsea wellhead (not shown). While one configuraiion of
riser assembly 106 is shown and described in Figure 1, one of ordinary skill i the art
should understand that various types and configurations of riser assembly 106 may be
used in conjunction with embodiments of the present disclosure. Specifically, it should
be understood that a particular configuration of riser assembly 106 used will depend on
the configuration of the subsea wellhead below, the type of offshore drilling platform 100

used, and the location of the well site.

[0032] Because offshore drilling platform 100 is a semi-submersible platform, it is
expected to have significant relative axial movement (i.e., heave) between its structure
(e.g., rig floor 102 and/or lower bay 104) and the sea floor. Therefore, a heave
compensation mechanism must be employed so that tension may be maintained in riser
assembly 106 without breaking or overstressing sections of riser pipe 118. As such, slip
joint 110 may be constructed to allow 30°, 40°, or more stroke (i.e, relative
displacement) to compensate for wave action experienced by drilling platform 100.
Furthermore, a hydraulic member 120 is shown connected between rig floor 102 and
hanger and swivel assembly 116 to provide upward tensile force to string of riser pipe
118 as well as to limit a maximum stroke of slip joint 110. To counteract translational
movement (in addition to heave) of drilling platform 100, an arrangement of mooring
lines (not shown) may be used to retain drilling platform 100 in a substantially constant

longitudinal and latitudinal area.

J0033] As shown, slip joint 110 is constructed as a three-piece slip joint having a lower
section 122, an upper section 124, and a seal housing 126. In operation, upper section
124 plunges into lower section 122 similar to a piston into a bore while seal housing 126
maintains a fluid seal between two sections 122, 124. Thus, riser assembly 106 may be
constructed such that diverter assembly 108 may be rigidly affixed relative to rig floor
100 and with riser string 118 rigidly affixed to the subsea wellhead below. Therefore, the

heave and movement of drilling platform 100 relative to the subsea wellhead is taken up
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and its use to isolate a | ower portion of a drilling riser froman upper
portion of a drilling riser. Particularly, the rotating control device my
be useful in managed pressure drilling MPD operations where fluids in the
annulus of the drilling riser are pressurized over their nornal
hydrostatic (i.e., their weight) pressure in an effort to nore effectively
control drilling conditions in a subsea well. In selected enbodi nents, the
rotating control device enables a drillstring engaged therethrough to be
rotated and tripped in or out of the wellbore while maintaining the seal
bet ween the upper portion and the Iomeréportion of the drilling riser.

Fur t her norby, slipapiat  band dyrsivhe mesber 120, & 'usthegeaie, iggherlddspmdersieed thabata
rotating |_adeyi eiﬁﬁgr &8 : J icevabl e
t herefr omq\%g% E%g{h g’cilylgéc\rosnne tl{?%émgny pofra%r ?I%g%ggé%ﬁgt%?ﬁ ?]I%%lgvb]?i élgo&{ =

[ 0030] Ref exdditivgalnosvetrentafghiliénglplatfiorpot i ehtied todncanbh of e sulthen Welllgd.
platform 100 is shown. Wiile offshore drilling platform 100 is depicted
as a [®oeB#} subman sidptath @pbratibz ihatidQr Bot afelinhitedr ¢ VPP Shdritonwd Idser
appreciate that a ﬁlatfoffn,of any t%gf may be used ing¢luding, but not
limited tdssaaly 1Qhmey bedpatireg|ianpr ieieh BHURBRIPRE S p Y BPMEOMBARFSack - up
pl at for me. o, b SBRERerdisidnttP 0P LA fs%lgs WBid00 o RELHAIGRY Rof Ehsirh A 1olBaRNd a

| oner bay 104. A riser assenbly 106 extends from a subsea wel | head (not
shown) t o thé felértad dnidlpd rftpig| prefsuran 260ciared bl odwsgedapraseige ddiillingng and
pressure ntr-ol conponents,. ..[0031] From.t 0. hott riser |y 106
i ncl udes gﬂlgfe\];%rF t & FEEE% gegn%%c’dfhggg(’sﬁ]%l %n?nr%%?lu%ﬂ H%petzri pgfgé)rrll 5\? I%Sr g%%%ggbel I

ni ppl e), ao0slarPispatadtfichd the devatddadnnigr prsiural expendnced Byl 2omponeannodasdd

bl owout preventer 114, a_ riser hanger and sw ve| assenply 11 and a
string of mi%g’?"’eﬁipﬁgmfl%f B &4 865 ar%nﬁﬁé’gag;?ﬂ%‘?cesg%\ﬁ)ay 8hi | e

one confi guORIdIGN riRf: ity BGEEIREM AQ8 siridg 3 PO AdoRe ST lkedably fehigur e
1, one of ordinary skill i'n the art shoul d understand that various types

and conf i ghpeita dHistrofe (ndtsbpwakansitybyent bigh passswe avrgdar flupdsdp misenrfémigohl Swi t h
enmbodi nent re t, (gl i fi . houl d be

under st Oofq[nﬁge[a&gﬁ%glﬁﬁgﬂ?mlé@ dggér#?g%fg%?ﬁglﬁ%b d(r:tﬁ‘lééeﬁr%rg}s]%g?rtbl y 106 used wi |
depe t he gonfi gurat.ion of the subs wel | head bel ow, he .t.ype. of

O P01y, 1T R S PR R ot e SO et G et e GbaTie SR o

[ 0032] Bec apigguref &5 buess 6f i Jobd pa whitd fQamAglQQ., idSnamis P thd 3000965 whée not

platform it is expected to have significant relative axial novenent
(i.e., hedveyingEtanesiaiic) fremsynnge poftieny af gser assegbly by  Yidle spapiay YIPBRdr bay

104) and tg,}ga,teﬂgﬁ 1140Qky bENEL 01 éh sifhiBAPViSoIGHIP SHRAE HBssTRC AR SHM TSt be

enpl oyed at tension may mai ntaihed inriser assenbly 106 w t hout
br eaki ng dloveau pstvertssi ang nsientandestodfe used arhepithpedril s8ingAs rofetede, as wiopldj oi nt

110 nmay be corbﬂs%lru%%g%rﬁo aflilow 30", 40", or nore stroke (i.e., relative
di spl acenefity 6" SWLMBy wave action experienced by drilling

pl at f 100. Furthernore, a hydraulic nmenber 120 js . shown .connect ed

bet \M_:Jﬁh%li g f1Soferapeegde ﬁ%%f %ﬁ&f%%ﬁrﬁéﬂ&g@m%@ 562%@3 PRBR Heupwar d
tensile foeeampid ikl o edilcdftherR] REDLIY 18 SoMdskd 862 housidgd2, @ bEBdTUM
stroke of slip joint 110. To counteract translational novenent (in

addi tion treckigavey. asfl adracking stenpsb2@Gr Hruatg 2@hingdesrrylomeneonskciaotiéng
subst ant | 477 95 SRR fghar e b hr bR 0L it Gl €10 o,
sl i p joi ntof Fighré §), avimsier bet ed2 amda dairfeupetdtagsd 11g, 0. Muthadiangs d14,0wer

216 may be useful in managing annular pressure below RCD 200, but one of ordinary

skill in the art will understand that they are not necessary to the functionality of RCD

200. Particularly, outlet flanges 214, 216 may be relocated to other components of the

riser agssembly if desired. Furthermore, flange connections 208 and 210 may be of any



section 122, an upper section 124, and a seal housing 126. In operation,
upper section 124 plunges into | ower section 122 simlar to a piston into
a bore while seal housing 126 maintains a fluid seal between two sections
122, 124. Thus, riser assenbly 106 nay be constructed such that diverter
assenbly 108 may be rigidly affixed relative to rig floor 100 and with
riser string 118 rigidly affixed to the subsea wel |l head bel ow. Therefore,
t he heave and novenent of drilling platform 100 relative to the subsea
wel | head is taken up by slip joint 110 and hydraulic nmenber 120.
Furthernore, it should be understood that at long |lengths, riser string

118 wi || epaidar wBe orveonfizasafipn.| putyshenld bﬁﬁleﬁﬁefllsualp Ithay REP 2oRimayonal
movenent 0{ 6@?&% 'a{%gmmgtlﬁgc%ﬁmo}%%n&ﬁggﬂhgﬁ %%sée g% ion of the subsea

wel | head. n certarn operdtions Inc i ng, t not Ilnltetd to MPD

oper aj , . assenbly 106 ed to h annul ar

o ool 32 QK AR HAE o e A b b BEipk RadBREH G TR,

joint 110 wie2typf RAD J000As elvad, bﬁmr%cbabbagaéﬂmdhﬁclﬁdb@ a&hﬁat&io&dn@mula’slr

fluid pressures .associated with managed resagﬂgﬁﬁ%hg ng. Therefaore, in
%é%%ﬁ 0

sel ect ed efBlolarfanesemblynjygriakelsd hearasp wing P Qe BSRABi v 106

ar e i sol atgd of J08Rd B8ifE G%_EH BN IHId ﬁcﬁ&é%ﬁ&&n@%@@%i&ﬂ%@n@’ &faRONENt s
| ocated in a | ower portion of riser assenbly 106. Thus, rotatlng cont r ol

devi ce 11ZQﬁyFmemcdeubwngmapk@@rZOéwelnmwa b@@nlgeasm@ﬁy 228 dp aﬂpwmvg 118
and slip J)%ﬁq’tsle]é%’g ?_Eg t{) Ogtaf a‘glﬂg lr§s$ Qlltler h0u91£| |2.IZ§ ta'ﬁ %P%O %0 150 and

prevent hi pressure annu S inriser string romreac

sl i p joi ntbehdfy asdemlelgrmls fems eelibore 1I0RLs. anglutabiey (ﬁh;\ftalﬁ Qsmmtposlbaﬁ)ﬁ&]bbﬂt one
enbodi nent, rotating_control  .device ﬁé? may be cap Ie of olatln
pressur es P PESRASES Ohputer betsings P20 € peATig HigAEe. gy BgE2, 000

psi when ngheriRkad 190G Kdusig 203t alvhitd sefa[s%‘z%?é)%{o“&zot%tﬂe@%n fsedld §1§‘Jut%§§enb| y
106. Wil e annul ar bl owout preventer 114 may be capable of simlarly

i sol at i ng ueTHeHPhysy @f dareng B@&ag%m loag obltimery skitlandhe art sviliragpicomte
i nt ended t Ilstrlng is rotating, as would occur
oo TR A -

during an Ti°6h eferrlng nom/to Figure 2, a rotating

contr Vi c 0 homm in a | e tate. I.n o
oAl Re g nstgnkedo e el el L AR 3 S%laaﬁlﬁgﬁ%edp%leﬂ%é %04,
and a packilngii®! émRakingd(fgs b4 Shaydenddde |aﬂ£‘drﬂé§![ﬁ>$1dﬁ1g| QUBVe Qeagmﬁ@hlm 8108 and

an upper connectlon 210 to the remainder of a riser assenbly (e.
slip joi ntFigure S fwithigy jggner ppre 31 phheisingo?@. 249 shawy Haﬂ}fa@%seralrle%mareem

fanges 21de 210 oy bbbl pAROSS i pofil O3 RPubIRhY bt 3TRAGH

annul ar pressureée bel ne of ordinary s In the ar mﬁll
under st anchoukiag 20hdy salcetivady en@g@mdr@lsemgagd]bCMgdugsom 1r1t<y apd fREDRO0.
Particul ar ]

o the i 5o dngr o 2ee e R SR e A Ml st 52085 and
210 may beedfin@@P¥ckage 204 within housing 202 is described in detail in U.S. Patent No.
5,022,472, identified and incorporated by reference above. However, one of ordinary
skill in the art will understand that any clamping mechanism may be used to retain
bearing package 204 within housing 202 without departing from the scope of the claimed
subject matter. Particularly, various mechanisms including, but not: limited to,

electromechanical, hydraulic, pneumatic, and electromagnetic mechanisms may be used

for first and second locking assemblies 222, 224.

[0039] Furthermore, as should be understood by one of ordinary skill in the art, bearing
assembly 226 may be of any type of bearing assembly capable of supporting rotational

and thrust loads. As shown in Figures 2 and 3, bearing assembly 226 is a roller bearing
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particul ar type and configuration, but should be sel ected such that RCD
200 may sealingly mate with adjacent conponents of the riser assenbly.

[ 0037] Referring now to Figures 2 and 3 together, bearing package 204 is
engaged within bore 212 of RCD 200. As shown, bearing package 204 i ncl udes
a outer housing 220, a first | ocking assenbly 222 to hold bearing package
204 within housing 202 of RCD 200, and a second | ocki ng assenbly 224 to
hol d packi ng el ement 206 within bearing package 204. Furthernore, bearing
package 204 includes a bearing assenbly 226 to allow an inner sleeve 228
to rotate wth respect to outer housing 220 and a seal 230 to isolate
beari ng as,@@mmpgma s¢tp oftapete polless. f Aligraagively, pplliperings JoFmad dspripgs3di-ar e

t
package 20 onay i ARAGhY sBlo b5, (US4 e ANRE photake SE7 AR

seal s 232 @&partishdium tie bep-ofithg chiatd sdpotimatiee  Giieesxapple phe dyangind

gﬁiriggepgﬁkgg%h%g%ygne 0 ord| na %/W&Kblbg LN tg N I% vm I I]%?(?e%rec?%ﬁbwan

222 i's hydraaik Noab,by4 %wmdﬁgwﬂalhaaporatealbyﬁ»abﬂeh%a%vé ockl ng lugs 234 may
engage a correspondl ng groove (e.g., 1tem992 of Figure 9) within inner

bor e f ho HSFighAWD 5 Nadde 1 AR BLAYa8nS bRIRAI PodIsWaBoed, t WO
hydra%)hl cpports%éf&gngglrgrg porlgm 36" and antcﬁgﬁcli?r:%%l po%t 23{3l act sthrgggugh

housi ng 20®itltio bsairgqtaph@e)ﬂoéng’a?g@omdp@hkmr@@wt 26¢ fichigicr a §8ippg4rubpeto and

fromthe i.nn 212 I may be

Lsed t o° s s s FaplibEhs, Whfie & i< Mt it AT Gy GNAT R Sk

detail in skbuidd uﬁiiﬁrﬁdﬂidthhtm&c@k?a& @Z%mﬁpdmabhe‘rizednﬁlst(ﬂaeiumbr}ﬁmmaig@ézIn;ay

ref erence above. However, .one of _qr %fg 06%&'?%?#}}” t he ar nder st and
t

L hat . any. deaRpio R IHBCHEREEn Mg g 0 iy It st i 55
wi t hin ho%!nﬁ@urg@go W tiDo Ytp16aRE! dri1kidd R} Qh@ﬁ%ﬁ%@oﬁﬁo&lﬂﬁ 6dsainBRtogubj ect

matter. Particularly, vari ous mechani sis i ncl udi n but not limted to,
el ect r omecHasimzd packyatr244| |Scnmm1@fﬁattipdﬂname@blé Zm‘g}@@?]@nmh@m}’snﬁ

[0539) Fur titar s PskinERsrReF B0 i B ASARAR, 6 (PR, i ophed, 1 (e
art, bear iwighia$eedi gozaﬁﬁmyodmgodss@nmy ngz))ewbefn ﬂneameng amslseelrtblaweocaqdabl e

f t t at I t t

gea??ﬁgogsﬂg’g@?&ﬁ@ | ?Ii?%ap%l’?:}gﬁi g%léla}rlxﬁ n packi g € ementrﬁ() 9% %e rEiriSve

from bearing assembly 204, pressure may be applied to second hydraulic unclamping

port 250 to release locking lugs 246 from locking profile 244.

[0041] Referring now to Figure 4, the stripper rubber 240 is constructed so that threaded
tool joints of a drillstring (not shown) may be passed therethrough when hydraulic
pressure is experienced at a distal end 252 of stripper rubber 240. As such, stripper
rubber 240 includes a through bore 254 that is selected to sealingly engage the size of
drill pipe that is to be engaged through RCD 200. Further, to accommodate the passage
of larger diameter tool joints therethrough during a drillstring tripping operation, stripper
rubber 240 may include tapered portions 256 and 258. Furthermore, stripper rubber 240
may inciude upset portions 260 on its outer periphery to effectively seal stripper rubber
240 with inner sleeve 228 of bearing package 204, such that high pressure fluids may not
bypass packing element 206.

[0042} Still referring to Figures 2—4, hydraulic lubricant flowing through a pair of ports

264, 266 may communicate with and lubricate bearing assembly 226. Furthermore, a
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conprising two sets of tapered rollers. Alternatively, ball bearings,
journal bearings, tilt-pad bearings, and/or dianond bearings nmay be used
wi th bearing package 204 wi thout departing fromthe scope of the clainmed
subject matter. One exanple of a dianond bearing that nmay be used in
conjunction with bearing package 204 nmay be seen in U S. Patent No.

6, 354, 385, identified and incorporated by reference above. [ONQ Referring
now to Figures 2, 3, and 4 together, packing el enent 206 is engaged wthin
bearing package 204. As shown, packing elenent 206 includes a stripper
rubber 240 and a hou5|;g 242. VWi le a single str%pper rubber 240 is shown,

one of or disarujic PRITIZCE abe shydradicsudhip blhweah%weo thsarnorskage IYpernsybber
240 Y De,affly il Bl $H00d ) PRARE Bk Vil hbBRID RIS Gloul the
include a ¥ Ing proftile Its sta Is configured to

receive a qtrﬁllstr&igl dngt mévehmdkngrelsmgs 1246 ﬁfontromssmg @ﬁdVdED(Phﬂﬂ% elsment?0p 224
of bearing ckage 204. Simlar first Ki n e 222, secC

| ocki ng as@@ﬁ%ﬁ?géiﬁgpg?gpg; %?&é?ﬂd”%@@ﬁéﬁ %; ?ﬁ i%%%f?ﬁﬁﬁhmggge
204 (whi chpasiifg fibih betrih® GleRmbYY 21Y, Andestsd 1Ep %%@héﬂ-;ﬁrsisufeoﬂdﬁﬂ@@om

assenbly 222) when pressure IS gﬁglled to a second hydraulic, clanping port
248. Si i | pAstipe hfvessn praRing 2@ @R heanmps ppakagy 284 ?rFf@%dWh%HMé%%n ng

assenbly 2 r £ atcg egRNhibY & aylig 18d"RiifRg, port
250 to relgégg£ﬁ%§EFﬁ§t ugs gﬁ%%?ro %%ng pro?yle 244, 100411Féferr|ng

now t o Fi ghoueing,202he detistiipp exayrenghzr mzm&hlféCI@ @08 tatangt e cengrol @Phat262 lyn@aded

tool joint f.adrillstr t . sho b er h _when
hydraul i c %‘?@?%P}?S?Lg %&f%@ﬁ]@%ﬁt‘% cn ?@a%mglﬁé&%zﬂui Hmigrl pper Ftbber
240. As sugdie oFtidePRGing Whben 1249 Figalcudesreaisblatedugbmbeiper 254r bitamblys
selected to sealingly engage the size of drill pipe that is to be engaged
t hr ough RCPOMI®OCIYyrt her, to acconmopdate the passage of |arger diameter
tool joints therethrough during a drillstring tripping operation, stripper
r ubbel0043b nay Referiad@owdpdiigtiendnnd 6nthexsBova @f 258ckiny plemernfitelronta | pper

r ubber 24OmwnX%Pm%qu§M%&ﬁet &5&3@%Ef§f%m8ﬂaiﬁéDQKbQ%Hgggk£$ﬁEe g Afler

effectivel y se |pper I nner sl eeve aring
package 20ékierfiiod hetididtorabg h:trn:rpes subber $40udfdmckiny elatenb§@rassy ma@dmmgoai errent
206. [0042]still, referrin ures 2-4, hydr C Iubrlc flo
Chrough 19310 BBReanaRa T Ha PO HITEG: & tod CHORE 07 s
beari ng asggpilts Bdce W fh@%ﬂ@frﬁg aBthreaded connections 572 and 574 and run down

the riser assembly until RCD 500 is reached. Once reached, an outer mandrel 576 may
engage a corresponding profile of the inner bore of seal housing 542 so that packing
element 506 may be locked onto running tool 570. In the embodiment shown m Figures
5 and 6, running tool 570 includes a pin member 578 that locks into a J-slot profile 580
on inner portion of secal housing 542. One of ordinary skill in the art will appreciate that
numerous other locking profiles may be used io attach packing element 506 to running

tool 570.

[0044] With running tool 570 locked in engagement with packing element 506, pressure
may be applied to unclamping port 550 to release packing element 506 from bearing
package 504. If packing element 506 is being used to resist annular pressure in the riser
assembly, an annular blowout preventer (e.g., 114 of Figure 1) may be activated to seal
around the drillstring before packing element 506 is released from bearing package 504.
With packing element 506 released, the drillstring may be lifted out of the riser assembly
until packing element 506 and running tool 570 reach the rig floor (102 of Figure 1).
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hydraulic port 268 allows hydraulic fluid to bias seal 230 of bearing
package 204 agai nst pressures in the riser assenbly. Thus, as assenbl ed,
stripper rubber 240 seals around the drillstring and prevents

hi gh-pressure fluids from passi ng between packi ng el enent 206 and beari ng
package 204. Seal 230 prevents high-pressure fluids frominvadi ng and
passi ng through bearing assenbly 226, and seals 232 prevent high-pressure
fluids from passi ng between housi ng 202 and bearing package 204.

Theref ore, when packing element 206 is installed within bearing package
204 which is, in turn, installed within housing 202, a drillstring may
engage t hr 8usHat fesig floon parkingcle@anty 26 may ke ?@gﬁcgéjemfl e rogssyRvEEetur e
annul ar f !ﬂeliﬂaalpﬁgawsﬁ% A8BeRUSRS PORL h&p@itiddig ithin! BlarindIpaRgad @4l nner
bore of riser string (e.g., 118 of Figure 1) are isolated fromupper riser
assenbl y cloripodie mresurf 084 3cRebed tongamping trortFH4gue es i@k aadkity ekement Eifoval

of a packing .elenent 506 f.,om a bearing package 504 and a housing 502 of
an instalI%%E?QE?Qﬂ%?%%ﬁngég described. After extended periods of use,

T e e i K
connect ed ippriddydthue friiSudié bhalbbRg gt SeadEthOORRREIIGRG: T8 oand 574

and run down ‘the Tiser "assenbly unti i

A ra R is reached. Once reached, an
out er nandvith ts7BaraelyillshigageBecanesr ook prondi tigr prétipee bGillsting rpdeeehiy e of
seal housi LG . 906 I ng
Cool 570, JAnRRER R AR L BT oY a6 BN L,

i ncl udes astipper nEhibes45 @] jdiaks of dekdillsning mayinsiead “pdlifpatiend 8@ment $Utner

ortion of sea oysj,ng 542. One .of ordinary. skill.in the a il
Dot ot s i Rk thoran St B itd vy e e #eag, et ud! 51 e,
packi ng el gepl wiht Ak pdéRibsREMPOE0OFDthe [HRATHAL Whilh tHeWI bR ideQMmEnt &

| ocked in engagenent with packing el enent 506, pressure nay be applied to
uncl anpi ngepiEyed, tsehyayiag ssevihuk hsgeed Lrstockiggéve Famingdarl g0 padiage
504. |f pqﬁgggg el ement 506 is being used to resist annular pressure in
the riser assenbly, an annul ar bl owout preventer (e.g., 114 of Figure 1)

may b ivated. to . seal around.t.he dril.lstring before.packi el ement 506
1o o0BBLy " iR B e Ak A OE 4 e G SRl REBeCoiBR 0B FaEC L
the drill sihol 370 mimysidally bé eedavretfiével frekinhk $ineas SEdldybedtitig badhagkioag

el emrent 506 and running tool 570 reach the rig floor (102 of Figure 1).
Once at t H@gfftﬂfa_af (RSormCpHR% RcR| ReAEAE PETESTRY* BEY Fepigce @it ihe s ocess
reversed t@ind ¢t AldmRAGHE NGqatE"RPlacaibh. ORgShenBoROShhiOnNRE bt RN
bearing package 504, hydraulic pressure may be apglled to cl anpi ng port
548 t o re-Sepwrktepaiiid ppetasionn tthe o teniing badkegn g0 ank agekigodlement 506

0045] Al te i i : t - i b
horoly apaPy hy R ARRERTIE LR 508 1on BB LN L JRI Bpifint °Y
packi ng elemiarb06n@UtPR drardiibes harcemgtdtd (s thaited), reBeomgshe btk beaimy s  of
a tradition drjl |l stri are larger .jn dianeter than.,the, renai nder of
drill pi péﬁagl'éﬂ@eﬁ&ﬁ&;n PAGIRE clemsh a‘fsa%ﬁfﬁ?agfsa&ﬂﬂ%@wgéﬁ $ BUEF "Stbber
540, tool ds@innﬂf 1@ dib@1ed hidemBly (108 oMBMutBRRAM N Rittibns raski pige elrewm@nt 506
up with the drillstring as it i's retrieved. Using this method, running
tool 570 rrsyr biee p@céppﬁeg Lot icurenlevie recwbarg vedllbpashin cag6: largetdimetergit ¢roor
whi | e the‘Rhﬂ%$@§§$ﬁgW§£§HH££5ﬂéﬁhﬁgﬁ eved, thereby saving tine wthout

t he need for WO r'unni ng S 570 on the rig site.

[0047] Similarly, as described above in reference to the removal of packing element 506,
bearing package 504 and packing eclement 506 may be retrieved together by applying
hydraulic pressure to an unclamping port 538 of RCD housing 502. It should be noted
that pressure should not be applied to unclamping port 550 if bearing package 504 and
packing element 506 are to be retrieved together. Ideally, clamp mechanisms (e.g., 222
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[0046] Al ternatively still, in addition to retrieving only packing el ement
506, running tool 570 may simlarly be used to retrieve packing el enent
506 and bearing package 504 together at the sanme tinme. Often, bearing
package 504 may require service at the sanme time packing el enent 506
requires replacenent. Furthernore, rather than run two separate retrieval
operations, the entire bearing package 504 and packi ng el enent 506 nay be
retrieved nore quickly if RCD 500 is no |longer needed in the drilling
operations. Particularly, once MPD operations are conplete (or halted),
retrieving the entire bearing package 504 and packing el ement 506 allows a
| arger cl exndai¥deottfigwagh archéesianed ne sihdestaiggsenbiiyms, maniigvibat e chismenbl y
(108 of Fi C Jol= thro r

sections (I%l%%él%aj Eﬁgﬁgﬁg %1 Cotn rQ lsureeéﬁg\%{eel"p% ad 5 19101!552%'3 5&?{0 Igaég*&. fanet er
bit or drilbtkingcigagbmeérs. r/eqwcmadletcﬂ)a:maﬁg ricRdntnty @big be cblﬂig%?e}c&omehﬁhi y, as
describedtﬂbov in.reference t éhe re val of packing el epent 506,

beari ng pd ?H@ezl B RS kAR 3‘ It%H'E]ﬁ ampifte ReRS Bed PRYPY é\?@dalfdoﬁﬁﬁ’h@r by
appl yi ng hygiigubd ¢ RLSSS kiﬁ@lmhﬁe@ﬂntﬂr}%ﬁﬁ%' B Gp PRt 10 23BnRhe BEIR BoIghDE: 502.
It should be noted that pressure shoul d not Be applie o unclanplng port
550 i f beat@ndipRekdyarsnrackage Pcwpn e sfreonsa toByBr #itl negkibe cleaeni &ifed

t oget her. are
desi gned a"{sr(a%t%egd@ceg g%ngg%‘%gﬁcg% g%eglﬁyry% %ﬁ Bﬁ%g‘ﬂf’&i kfslt% %%‘ems do
not requi rremowaispantiorpr essure to their clanping ports 536, 548 to mai nt ai n
| ocki ng engagement. As such, the clanping mechani sns may be configured to

r enai j0048pnped Rufériihe BEOIS Lm@rem appli ed r&mom@mrﬂ@m pREkh& FREBHaAd or
550, and may be conflgure remai n_uncl anped until pressure is applied

" to cl anpi MyupBe e S%%”&F’Fﬁ]ﬂ?ﬁrR€Q87OOA&ﬂI§Q§éWSCT@§%r h@%&&kﬁ&s@asleag rEyICHe
renoved tqget Rk omtgnrepafdg'hayaﬂ g géﬁ é%v g@o%ﬁ A7 paéegf%§éa {ong

package 504 may becone di odge ost ng t e renova at1on.
[ 0048] Ref @mmbmgtWCKm@u?@s frﬁmaR@DBhousht@ ?@vaﬁal sugh, ambmgrﬂoulg?’macskage

704 from a_hqus 2 of an ins 7 i be descrjbe [.n
Figure 7, s‘gﬂ’uﬁag% Ardp SHRHEs (9 tlg% g6 ?31% gﬁF%%heseXé?Pfngstlhﬁﬁ Eflle%}&?f been
renoved anganardl umlcngﬁgmd toMetéivd‘leﬁ By pebkiny di@hdn EMeplear, 2Dy opRigkage 704

from RCD h3u5| ng gg such, running tool 770 is construct ed simlar to
runni ng t 081 S5 twlg’apesln@r#r IO SPasecpbr SH g d1e. &R SR dravrhendr el

776, confighiReehQo l?&hcﬁ@ﬁ%b %68 %hg%oo@%%'omlg%&&@@an&k&ﬁ&g(ﬁoﬂﬁo g4 of

Figure 3), is run with tool 770. In"order to conserve space on
drilling rPil@HeSo?ré {s] of reedintye skBhistthe etteillths ableriotappieciats buingic teshi7Hg t ool

570, 0f  Fi 94h&avifs S AN 00L Dokl SOhaHIOAR 7 B 88 i B8l gl dhglar Y

skill in the ar reC|ateaS|ng aV|ng
i nt er changempbgen@idreto trmﬁﬁlfeeéc‘sﬁﬁ&c}?'seotMt are sel ectabl e based upon
what conponents are to be retrieved from RCD 500, 700. [0049] Nonet hel ess,

runnijog49jool 7 Qnbtclkitd @snmitl Il €170 NRNGUR! an’dferCRMdr@W BAcdBichRd to be
received and locked into the clamp that would otherwise retain the packing element. As
such, running tool 770 is deployed to RCD 700 along the drilistring until outer mandrel
776 engages inner sleeve 728 of bearing package 704. Once in position, hydraulic
pressure is applied to clamping port 748 of RCD 700 fo secure outer mandrel 776 of
running tool 770 to bearing package 704. Omnce secured, hydraulic pressure may be
applied to unclamping port 738 of RCD 700 to release bearing package 704 from housing
702. Once released, running tool 770, carrying bearing package 704, may be lifted out of
the riser assembly through a slip joint and a diverter assembly (110 and 108 of Figure 1,
respectively) en route to the rig floor. Once at the nig floor, the bearing package may be

serviced and/or repaired, or put away for future use. Re-installation of bearing package
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received and | ocked into the clanp that would otherwi se retain the packing
el ement. As such, running tool 770 is deployed to RCD 700 al ong the
drillstring until outer mandrel 776 engages inner sleeve 728 of bearing
package 704. Once in position, hydraulic pressure is applied to clanping
port 748 of RCD 700 to secure outer mandrel 776 of running tool 770 to
beari ng package 704. Once secured, hydraulic pressure may be applied to
uncl anpi ng port 738 of RCD 700.to0 rel ease bearing package 704 from housing
702. Once rel eased, running tool 770, carrying bearing package 704, may be
lifted out of the riser assenbly through a slip joint and a diverter

assenbl y (Towdhéplipusthefinmrspupkthe, abore pisatifigh pippediwe. (ith Eher excenfiony that

floor. Onc . r i ANQ - j / or
repaired, %?ﬁ%aéggﬁé?gf%bQ?%%ﬁ%ggﬂggeﬁgggyggg%@?%%%%%ng geé%#ﬁgggac age
704 w || fehiiogpidiegd Toddan piaco bnd eeasdroveing den7D6.i ed procedure, with the
exception that clanping port 736 and uncl anping port 750 will be energized
upon joesopl | at irdferiag heekio @kt 992 paGsage of @4lushinplsaten 800 itegra@é evithunni ng
t ool 700.d£0050 Referring now to Figure 9, a schematic of a flushin

syst em 800R¢Rt7EG(kiesey itk wwm@rgmcaml@ epybodimenigirhs Aresend GHHI9REE wi t h

enbodi rfentﬁu&f;%% B&teRl g&@g@&y Bl 6L LG einFatiB NG b%&%&gegacﬁ@ TRYFRerdiped

upon reinsta I'on o aring n package 704 (Figure into mai n_housing
702. Fl ushintgnaipdivesmg002.i Rukidg systeni BOS frichiledh dukhigblopkh 802 e wihich a

separate main air_.inlet line, 804 .and a Lhchydrauldc ol 1 nl eto] ke 806
are run. I'—ﬁea%rﬁéﬂm%l&géﬁleg&e zig(gL %ngnafﬁnalﬁrhg’gr atugc ¥g6@§ lél}et@gran%]{y faFl} 4| c -oil
and/ or ai rbibek G is@uafifured autdut: étdr ppdraaid 6iC andibedir td neBus kddradinast ed to
correspondi ng hydraulic and pneumatic ports, of q$jﬂ_hggfingwéoz. As shown,
flushing SSPSPRRNBEEELLTE &4&SORRSFER 3P SORFRARERE BY{TFHES TS R HRENHAPTS %‘is e
hydrauli ¢ LLReSughe70MVAd §hofinC LA syBIPRI0 iR [udl SMiFRdIE ?nédnﬁh@i@ i@d2gnd.
hydraulic lines 814 are shown here,” one of ordinary skill in the art wl|

be fami | i smdwieltipleurmdranlis lies Bet.e Whiker ¢ serpiwanmbeodl predmand finey $Heandg14
and/ or pneumati.c.lin 812, F e i ol tiple
cor 1 espond|RpliE inb'6Ps B Shabhbgr bue of MRS 3 RTHID! rlies o

pneumat i ¢ dunttesusSdiRferpn ARGl @thehts oBhpdrbdicsiing FOR andftrepmtdagt lnened2820
are nerged_into _a single disposal line 834, which is configured to carry
1 i df P orriies St Syfere SO bPeL R B cetRacRe R e S ET b iy o
(not showyqr@h @4 MRt adiOshRGHd fides $20WoHndckddWo i@ HAki RROSEe dutlee 834

may be controlled with a valve 830’(e}g_, a ball valve), the val ve being
oper at ed tlhes $3h avd mhargeil ietogasingle digposah hing B34 piiiel 19 ¢ardigunsd dp&py duid pal |
valve). [ ef er.ri: j A ' ' f

(Fi gute o) O UEEIThiNg 28 g iltpdse i Rl indl i AANAREN! W) peRi i

wel | bor e, lonsihpdiohg Fhid dlobotheowgh dispesdidarei 3¢ mackagmtrsldd witbra vafret 810 ed i n

wel | bore {3 d TRV 2dbbEaNpy PREPCBI AN LV DSk oLt tpF et B 5L HE mow
As

renmoved beghbhbadeRAskaaR Y 04. such, when bearing package 704 is
reinstalled into main housing 702, it is installed into this colum of
vel I b | ui d inS ROV FiMiL 178 at Bl leRldoatdr QT T0d hembeas langnpackage
704 J@?géfsp|aé§9§§ﬁ§@§f théggglfborégﬁ%uid, mellborehﬁ uidjﬁhy still
remai n i n welbowd fluidnisubpisalB0Brebant e dhdh stcllben, amiudingein & beeaafethe fbeamg
beari ng package 4 and _an.inn ce.of mai usi:n ore
fluid may tRERRE T wRPorSR, e‘%lrng%(é?ufﬁpogr‘g Folssy ‘Fl?e)be%lé‘%g P%%% %Eﬁﬁgg 04 by
cont am natgRog 7yvdihagbivgnasTovPierniiid copartd scaipy tievdieas pregiopssloageidD4.
Enbodi nent s di scl osed herein provjde a nethod, using. the quihing‘ﬁystem
descri bed BhBFenoY gerpeyRgyReARE RAEKISSoF Y 1 AT Fohr BhFT REAIS RASKHE COhEs ol

devi ce. reinstalled into main housing 702, it is installed into this column of wellbore fluid (not

shown). While reinstallation of the bearing package 704 may displace some of the
wellbore fluid, wellbore fluid may still remain in a small annutus 703 formed between an

outer surface of the bearing package 704 and an inner surface of main housing 702.
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[0052] Prior to reinstalling the bearing package 704 into the mai n housing
702, burst discs or other obstructive devices (not shown) nmay be fitted in
the hydraulic and pneumatic ports of the bearing package 704 to prevent
wel | bore fluid fromentering the bearing package 704. Burst discs (not
shown) are configured to obstruct a port and resist fluid at a | ower
pressure, and then fail or burst at a pre-set higher pressure to all ow
fluid to flow through the previously obstructed port. Wen used during the
beari'ng package reinstallation, the burst discs are configured to

w thstand a | ower_ pressure durln a flushing procedure to be described,

and subseqWeleary g maafb@edeﬁtrn@ﬂt& QIHPRRG 0@@@8@@ @f dhenbearipg pagkegs 78f bdw

ei ther hy I i e.
[0053] Ret cPpiimitisfl iy Bfuuft bnd ShoBht phidoRRL bourlly dudfac20L PROBREART: oy
be enpl oyedsdased hesin }trhﬁdmlrﬂdﬂmﬁemﬁilgﬂhd flwghing fystdne desenbddusboy@ 3o (Ergur e 7)
after the ear e 704 is installed. Hydraulic oil is routed

t hr ough h ?gﬁui’cg ﬁP’%h?‘ﬂ?&“Pf H@géﬁ%g A8t o f1ushing block 802 (i e., a
mani f ol where. the hydraulic is then routed to all inle i hes 810
( bot h[%ﬂgé} aul | &rig1 4o éﬁﬂ“ﬂﬁ@&ﬁ%‘t g%a“%})“% 1O/t the ’ﬁﬁPrPOH%ﬁ%%ﬂ% B8% at a
pressure %sc@e(gr\’\@ﬁgr 209nRAde GRS '(nottéﬂgﬁvﬁp}fnaé/l bS HitRa wethk DRJdeatil Uind out
of the annul us. 'l bore fluid that is flush fromthe annulus in the
mai n housmngumemc pays d!féhtr benrexg niagkage 008 lte provenfeselos fipiddran enferipglichor e

fluid ulti;matel y | £ hol e
of the R@%ﬁrﬁkg 3 we iﬁbosrc% %Itr%il?og’i tagii %Oﬁﬁgééltﬁeg%%g ﬁg@%};ﬁgﬁ% iC
oi I flushifmgd af Ok peessay, o€ thannfafl of barsfse:ta maﬁ%glm‘r prdssere tcoalbresfinig t hat

all of the ore fluidis ved housi ng 702. | certaln
embodi rrenttg g“ %P?eé”‘lﬁ’ﬁry qrﬁoﬁg%? Wgo@e%ﬁ &Y 15

m nut es angmét@nmoautﬂ?es bulsOWR¥ S fare e&ﬁigqfedOfodw&tﬁgtyncs Kitblved Prebfie @akingMal |
understand that the hydraulic oil flushing E)roce ure may be run for a
shorter pehisbidgprocadiromybe dessribest anbpbneivagilivtailiatier de pluplspg preredurg kasy t he
hydraul i c e%dl:d{ Ga‘ﬂ?l%r' entgfzr%g%?aﬁl%%roﬁ ok%r?@%érethgﬁmg&e?ﬁhe be%hhg p%kli%o re fluid

has been renove nnul'us or a erm ne I ng period

has burst .discs in,t bearin cka y be
bur s%@#gﬁr acké%e g agﬂ]éf%g‘sﬁuﬁe & aﬁ@'dg ﬂllroiu%"f"gt °°°H“f8?%a8{| H%S?{;%nt 0
the main h@lﬂﬁlbmﬂletvﬂ:ﬂmlﬂul@@& B ehe axMﬂlammwg:@ue g) a@brs;lgesmaﬁﬂg parca@geemA t he
obstruction in_the hydraulic and pneumatic ports. of the bearing 1piégckage

704 is renpisiled Byiwlingdistonicd thioggyhy@adiqal m%fﬁ@%é% 704
as needed.y, %&Oﬁ& &R Enifodd)! h& cﬂ&a}yap Ohén £d %&1%% B:rpﬁﬁséum is
conpl et e, H?é o rauﬁoﬁg €‘lrhmtﬁl nee I'i ne 18186 rrlllay ube di sclor?nect ed and
the main a(both|h}’k151uht Bh@ aBd pneranatioel 1 bameimte the anétpumgg%(h?eatta wEssgtantt | e
val ves (n sho of, f ushl m80 e oute
aront v hrEtGr BB AP el TR o rO 5 B g AR b Sy Bl
beari ng paﬁﬁ@@ﬁt YSOEﬂush@Ymﬁethemmaﬁseﬁl tB@Iﬂahﬁhmﬂinl’g 7ro|zaw@ lﬁehrouug hntb atiet
pneumati c ports of the bearing packa 704. A|I IS ro ghrOL%Q %ﬁg
pneunat i c 1psF 180 ( HhegpBgt weldetp Luyd %“éyﬂé:ﬂ" Ff@edp&b B‘ésa oA ¢ ve
hydrauli ¢ £icli.d &Uvﬁﬂﬁbfguﬁ M:Leuf{@ﬁ) doy g tB@%veﬁl}SSilreau_td Ser@id fbb@fieRd, the
procedure. Hydraulic fluid may be forced out of the main housing 702 and
beari ng paokegbc ﬁﬂcﬂuahdgprc@ﬁdurpmémrl@n fdrraongl et [0é timicity ersug2bataaddofi nt o
the wellb | bore f [ emmyve h

hydr aul i CQ%? Iweﬁ\éoer ﬂyved N BHETRY ¢ rau |c o g? rgnot& S?or%g%ﬁ%gﬁﬁg%&tesd rom
t he pneundivitaupordis ﬂu&}hﬂg l;e&reldm@ mag kag i setmaai asi mbakesamnd B8 eminfites.he
rotating control device _nmay recomence.. 100551Advant ageousll%,oﬂbﬁ%un%g

package (1grevengme of gxdinary sketuy the art g ydgistang thyt tha pyfrau

procedure may be run for a shorter period or a longer period depending on the

application. After the hydraulic oil flushing procedure is completed (i.e., all wellbore
fluid has been removed from the annulus or after predetermined flushing period has

expired), the burst discs in the ports of the bearing package may be burst or cracked by
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size and geonetry that it may be retrieved through an upper portion of the
riser assenbly w thout necessitating the disassenbly of the riser

assenbly. Furthernore, renoving the bearing package and packi ng el enent
fromthe RCD housing allows a drilling operator to have full-bore access
to the riser assenbly below. It is not necessary for an RCD assenbly
(e.g., 112, 200, 500, and 700) to be present in the riser assenbly under
all drilling conditions. Under drilling operations having | ow annul ar
pressures in the riser assenbly, the added wear conponents of the RCD
assenbly are not necessary and are costly to majintain. However, because

beari ng pa@k&eRe Haaresaek phiedydmahe el Hio thepain hmémgdf) @hore S00psin When
enbodi nment I QL

Fopl aced, e Bt URPRENERCE GE BN TR Hhhy Bl PRARNE I e o )
and 702) ibreasng psdrgalEanidmoved tealbev hjrhtula fluid torentar siee lehriagpRERrd 24

requi red. The using for an RCD may be installed for every drilling riser
and the bé?ﬁiﬁ%%package and packing elenment installed when use of an RCD
IS reﬂﬁér ed. However, because the internal baore of RCD housi ngs are seal

sur f al0$4[pon Vifiirtoer afien the Bydravlic oibilnsbine mpcedurcs gemplgist the gagin hydraice
protect or fpyiheink 86 ﬂia’g%@ GiDEhELR1WAE Mhd Iﬁ%n%%eﬁhﬂé)sézpﬁgf be E&Hiébt%@d

[ 0056] Referring now to Figures 9-11 together, the installation of
pr ot ect or &11 gatpez @9t j oft @uaﬂﬂwalgrzm@moﬂwm) af REDingO8ysiink |80Be lee@cmebed
In Figure co’nﬁ eEgD 0 Iq u?e air E)glygtgrzoulgfg Rnetgraﬂ}cqglvé fﬁ%%ﬁ gesu%jﬁgfcnﬁ)%letr o?%lr e 912.

Wth the bearrng pac age &l%ement

((je g., 20&)6@1‘1ﬁlgh§&4()1ge:’ 20 \net; bd &mwalitedam thad a2 ﬂos:s?mmg]gdne@aﬂ parts & e) to
amage. C uncl a |ng and cl a |ng ports (938, 950, 936, and 948

bearing | e AR HOREF (1040 AN 1> 5o ehiheRengapt Perigiehabogh {0hpyL %o%% ng

bal | groovg 8921 Iﬁc%@%@% tQndiehyaRk b rRlfd ﬁrlehﬂﬁsl? R¥dd' AR he hiRRAANSE

future functionali'ty of these conpodnents nay i nportance to the

drilling opkHuashore prpeadueset Hydragliccdyid n%@m%’yced@up@ﬁthﬁd@ajn dogingndi2aanded to
housi ng 9 £t r

sl eeve 99%8%%%%&%?@ gﬁ%egoatlr rgsskﬁﬁntﬁftongg t% 8{3?[ Ibdfg%? or gl?tigvtgér %%{lﬂ) %CD
housi ng 90®ithpwetitard finld sinidved fadrh abd echif hotdine ahddhrivastiecil cmsl 8/ theand

974. As s tool 970 includes an outer mandrel 6 conf ured to
secure pr glyg@ﬂ*ﬁlﬂ%@l %P§§6 Y5 ARy \ﬁEF? PRCPREtS R th MRV EEs

descri bed jabpygridnal &M RE BNAR r&t@tuﬁ%&ﬁﬂnﬁgdév%|1§ay7rz&rﬁﬁ5ho'é70 the TTEC hani sm
for securing protective sleeve 990 to outer mandrel 976 nay be any of many

secur cha n er, as
shown[ol’ﬂ% Eegurg'ts tag&gwh% se EE’? 59&9%}3%5%(%9 7P@ctsr&§ré5%gl&§ds g\%ﬁm |l ed
into an i rm@ranp@mmm nfat lmeéIBtIBWl@V@] ibmwigh 90 OppeApogivntpf tﬁechsieowsngbly
delivery of eeve 990 tgl gg % runnln t.ool_ 970 6y r.ot at ed and
retrieved,” P%Céssétf“é‘é%/ %?S? b8 @SPSFW‘E‘E H&r EuGHTsF ﬁ%‘H% 912 as
shown in Fdegmhﬁgepabﬂ;aoe%ﬁldrpacmﬂg Klefh@ntisih & Ism)lhausiﬁgﬁndvﬁsra dr@8bg oo ©r
protective sleeve 990, running.tool 970 may ga ge sleeve 990 into hou5|ng
902 unti | @V@é@ébg@oa%?@a@e@eaﬂqebéépe%&Paﬂ@w 986151t HISGETHY I9pan RCD :

Simlarly,QEaeeves! %V%08981JW0)% YeShibdeRY ﬁf’ﬂﬁyﬂs‘éﬁ ab QR EndeP &t

installation steps in reverse. [0058]Wiile protective sleeve’ is disclosed
her ei n as dullsigmpinditone e Vmdeedulling r@genabonscimlvmgdomhahl sressures i@hbe kigerbe

under st OOdasspe%Jb?ﬂ “né Bd(%r&d&é]a?‘ rc%m?)(lgll:lénlts oin the }E‘Cﬁ ragse}ll%?y are no? neces%ry and are

costly to maintain. However, because bearing packages and packing elements of RCDs

in accordance with embodiments of the present disciosure may be guickly retrieved and
replaced, it may be beneficial to install an RCD housing (e.g., 202, 502, and 702) in a
riser assembly in case that a future use of an RCD 1s required. The housing for an RCD
may be installed for every drilling riser and the bearing package and packing element

installed when use of an RCD is required. However, because the internal bore of RCD
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mechanismto nore securely retain protective sleeve may be used.
Furthernore, as the RCD housing may be intended to be delivered without a
beari ng package and packing elenent, it may cone with a protective sl eeve
pre-installed. Furthernore, as described above, running tool 970 may be
the sane running tool (570 and 770) used to retrieve and repl ace bearing
packages and packing el enents. As such, outer nmandrel 976 nay be
i nt erchangeable with outer nmandrels 576 and 776, thereby reducing the
anount of support equi pnent that nust be carried and nai ntai ned by crew of
t he offshore_drilligg pl atform g9059]Advan%§%$ously, RCDs (e.%., 112,
200, 500, hogingw#rd seOyiefics epYs waich medpplnmt cgrigg Packasprusiesel dpe® osure
have the aBblebbynbOpDiaIL Bl PREE] RO RRIPIRAIS P Guire? 08 506) T emoved
e t to disassenble co

and repl aced w t hout e nee onents of the riser

assenpl Benefj t.s..of such re | apd repl ac nt .operation may,d-ncl ude
o e N6L oot dlsiirBe oM Far i) fipalt G (B RRRER or b RLLE eliods0)

t hr eadabl yingcitpueilg 902 af g REDSIN0IAY baRigsdibed bineFif@e Hein REDehoasidg beplsace
packi ng el ement 506 in significantli l ess rinme than woul d be rﬁguired to
partial | y YPYRLEERBAR CHAICT BASSRAMEPEZ-a WISEF berremsriaee fuge ReHmbfeandi f a
packi ng el-gapahg (&kbhe c1&REnidRY. 208)anki S} F&sHvEEMRNG! bR 9l DL EeRLACKREN!
whil e high pressures are present in the riser assenbly, enbodinents in
accor danceusdcptiblt He demege nihsdiusls | welanmirgynd Flaowingorise©B §.e94), 93hdand

repl acene f._packi | enment i £ hout . de- iy zkng. t he..annul us of
the riser fﬁég gé’ r%liﬁ)l/g IUF%%?%BT IEBIE? %€£g§6ﬁn’este 0 ésnggf ptﬁ ﬁé;%ziglrl]gaclﬁ %%:%&%1 ?ﬁve
enbodi menta2hes eipdsdtay thehashy anlliag edvisorbepauB ecatde fuhige Abictiodafity 6f these

substantially or conpletely renove the wellbore fluid fromt mai
housi ng of*CRRENTTH BEY R OE BARIBPCY :Eéﬂmﬁpﬁﬁ@fﬁaﬁefﬁ%@ SS%E%Q may be
reinstal | g it BRfssdiss 't&%%ﬁsbﬂlﬂ% r9g%2 Mo R ﬁif%ser FORY aReRbritd & ‘]yfétu%]ég@@,e

fluid, which may prevent possi ockage of conmmuni cation o
hydr aul i ¢ rapldctprresienyei 90sipsthews. atBilrsk fige rofning dedd A 70cfoa rdslipersimalR€P | i nes
may | ead t,0 f.ajl f t ] I i tl i noney
to an opeﬁg?%ﬁégﬁégPﬁ%?ﬁgﬁgﬁngﬁﬁéﬂ%?%ﬁgﬁ%%gggg¥#§$gmﬁﬁafﬁggggaggHgggackage
may pronodtremaog t@siodfn iadfludd ancaitgananird . 97Remafiglredfo tdraranplotdative sibéusi d
with the f] gshric%? géocﬁidur,e‘?agr ovi ded by enbodi nents di scl osed herein
prevents sUCHOCHIY i8R N Penovi ng the wel | bore fluid. [0061] Wile the
present disclosure has been described with respect to a |imted nunber
0057] As described above in reference to running tools 770 and 570, the mechanism for

securing protective sleeve 990 to outer mandrel 976 may be any of many securing
mechanisms known to one of ordinary skill in the art. However, as shown in Figures 9—
11, the securing mechanism may include a J-slot milled into an inner portion of
protective sleeve 990. As such, following delivery of sleeve 990 to housing 902, running
tool 970 may be rotated and retrieved, leaving sleeve 990 to protect inner bore 902 of
housing 912 as shown in Figure 11. As no locking mechanism is used (or required) for
protective sleeve 990, running tool 970 may engage sleeve 990 into housing 902 until
sleeve 990 engages a load shoulder 996 of housing 902. Similarly, protective sleeve 990

may be retrieved by performing the mstallation steps in reverse.

[0058] While protective sleeve is disclosed herein as 2 simple sleeve requiring no locking
mechanism, it should be understood by one of ordinary skill in the art that a locking
mechanism to more securely retain protective sleeve may be used. Furthermore, as the

RCD housing may be intended to be delivered without a bearing package and packing
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of enbodi nents, those skilled in the art, having benefit of this

di sclosure, will appreciate that other enbodi nents nmay be devi sed which
do not depart fromthe scope of the present disclosure. Accordingly, the
scope of the present disclosure should be Iimted only by the attached
claims. CLAIMS What is clainmed is: 1. A nmethod of flushing a well bore
fluid froma downhol e tool containing a bearing package, the nethod
conpri sing: punping hydraulic oil through at |east one of a hydraulic
inlet line and at | east one of a pneunatic inlet |ine connected to the

mai n housing and_into an annul us fornmed between_ the_beari ng package and a
mai n housi g 1 REYFSRSHBIR 20BREctGHasr pre-metalyd r Butheeme of dprabes ¢ he

vel | bore flodid rigthit H@oPOTHNYS be [RTRME ] towﬁﬁsb@%@ﬁd)%&i forreMetdignd
annul us through at 1east one hydraulic outTet Iine and at |east one

pneumat i ¢ ropiatebedringepackame end gatkang hlemenisn Ao sgihnguter mandrel 976 may be
interchangeable with outer mandrels 576 and 776, thereby reducing the amount of

support equipment that must be carried and maintained by crew of the offshore drilling

platform.

10059] Advantageously, RCDs (e.g., 112, 200, 500, 700, and 900) disclosed in
embodiments of the present disclosure have the ability to have their packing elements
{e.g., 206, 506) removed and replaced without the need to disassemble components of the
riser assembly. Benefits of such a removal and replacement operation may include time
and cost savings, wherein a running tool (e.g., 570, 770, and 970) threadably coupled to a
drillstring may be able to retrieve and replace packing element 506 in significantly less
time than would be required to partially disassemble and reassemblie a riser assembly.
Furthermore, if a packing element (e.g., 206 and 506) requires removal and/or
replacement while high pressures are present in the riser assembly, embodiments in
accordance with the present disclosure may allow the retrieval and replacement of

packing clement 506 without de-pressurizing the annulus of the riser assembly.

[6060] Further, methods of flushing disclosed in embodiments herein may be
advantageous because of the ability to substantially or completely remove the wellbore
fluid from the main housing of the rotating control device when the bearing package is
reinstalled. Methods disclosed herein provide removal of the wellbore fluid, which may
prevent possible blockage of communication of the hydraulic and pneumatic systems.
Blockage of hydraulic and pneumatic lines may lead to failure of the rotating control
device, costing time and money to an operator. Further, remnants of wellbore fluid in the
bearing package may promote corrosion of the components. Removal of the wellbore
fluid with the flushing procedure provided by embodiments disclosed herein prevents

such corrosion by removing the welbore fluid.

[0061] While the present disclosure has been described with respect to a limited number

of embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
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punping air through the at | east one pneumatic inlet |line connected to the
mai n housi ng and renoving the hydraulic oil fromthe at |east one
pneumatic inlet |ine connected to the nmain housing; and renoving the
hydraulic oil through at |east one pneumatic outlet |ine connected to the
mai n housing. 2. The nethod of claim11, further conprising obstructing at
| east one hydraulic port and at | east one pneumatic port of the bearing
package before punping the hydraulic oil. 3. The method of claim 2,
further conprising renoving the obstruction fromthe at | east one
hydraulic port. and the at |east one ppeuymatic port of .the_ bearin ackage
after punﬁgﬁgo@‘ﬁfee LR g1 pe de}i‘.sgélle”n;ra?efl% © gepagy P B SRS gf ﬂ]e

punpi ng  t hgedaydaidtbike. Olalccldinl R RS Sdbe 0P fth@pREnt ARLIoREE shEWTR \Heirhife
obstruction fromthe at |east one hydraulic port and the at |east one
pneumat i ¢ Qdr by & attiphicpeRiiphg package. 5. The nethod of claim1, further
conprising routing the wellbore fluid out of the at | east one hydraulic
outlet Iine and the at | east one pneumatic outlet line and into the

wel | bore downhol e of the downhol e tool. 6. The nethod of claim1,
wherein the downhole tool conprises a rotating control device. 7. The
nmet hod of claim 1, wherein the hydraulic oil is punped at a pressure of

bet ween about 200 and 300 psi.
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8. The method of claim1l, wherein the air is punped at a pressure of about
100 psi. 9. The nethod of claim 1, wherein punping the hydraulic fluid
continues until all of the wellbore fluid is renoved fromthe annul us.

10. A flushing systemfor renoving a wellbore fluid froma downhol e tool
contai ning a bearing package, the flushing system conprising: a flushing
bl ock into which a main hydraulic oil inlet line and a nain air inlet |line
are routed; at |least one hydraulic inlet |line connected to a main housing
of the downhole tool and at |east one hydraulic outlet |line connected to a
mai n housi ng of the downhole tool; and at |east one pneumatic inlet |ine
connected to the main housing of theApd@nhol e tool and at | east one
pneumatic outlet line connected to the main housing of the downhol e tool.
11. The flushing system of claim 10, wherein the flushing block is

conf i Bbeed ctaomedist e hydraulic oil to the at | east one hydraulic inlet line
and to the at | east one pneunmatic inlet line. 12. The flushing system of

o a1 A0 RUpLE) R IS pRcko Bt Ol boetill v
out | i peekhdentheimsethicidoatbrising:
pumping hydraulic oil through at least one of a hydraulic inlet line and at least one of a
pneumatic inlet line connected to the main housing and info an annulus formed
between the bearing package and a main housing of the downhoie tool, wheremn the
hydraulic oil replaces the wellbore fluid in the annulus;
removing the wellbore fluid from the annulus through at least one hydraulic outlet line
and at least one pneumatic outlet line connected to the main housing;
pumping air through the at least one pneumatic inlet line connected to the main housing
and removing the hydraulic oil from the at least one pneumatic inlet line connected to
the main housing; and

removing the hydraulic oil through at least one pneumatic outlet line connected to the

main housing.

2. The method of claim 1, further comprising obstructing at least one hydraulic port and at

least one pneumatic port of the bearing package before pumping the hydraulic oil.

3. The method of claim 2, further comprising removing the obstruction from the at least one
hydraulic port and the at least one pneumatic port of the bearing package after pumping the
hydraulic oil.

4. The method of claim 3, wherein pumping the hydraulic oil at a pressure of about 500 ps1
removes the obstruction from the at least one hydraulic port and the at least one pneumatic port

of the bearing package.

5. The method of claim 1, further comprising routing the wellbore fiuid out of the at least
one hydraulic outlet line and the at least one pneumatic outlet line and into the wellbore

downhole of the downhole tool.
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13. The flushing systemof claim 12, further conprising a valve configured
to control fluid flow through the disposal line. 14. The flushing system
of claim 10, wherein an obstructing device is installed in at |east one
hydraulic port and at | east one pneumatic port of the bearing package to
prevent the wellbore fluid fromentering the at |east one hydraulic port

and the at | east one pneunmatic port. 15. The flushing system of claim
10, wherein the flushing block is configured to provide hydraulic oil from
the main hydraulic oil inlet line to both the at |east one hydraulic inlet

line and the at_ | east .one pneumatic ipnlet line..  16. The flushjng system
of cl @i m 16he mEedoileimel. MYHFEH Hg dorale fool oSGt F &RfaHRS PB4 & r from
the main air inlet line to the at | east one pneumatic inlet line. 17. The

flushyng syst £Bmed of Bl 11 Qvhekdih HIEhy B AR ¢iB isNSlndhed i tal prEssuR! MfebetO&thl gur ed
to route air fromthe main air inlet line only through the at |east one

pneungout2q0andt300ipeie t o t he mai n housi ng.

8. The method of claim 1, wherein the air is pumped at a pressure of about 100 psi.

9. The method of claim 1, wherein pumping the hydraulic fluid continues until all of the

wellbore fluid is removed from the annulus.

10. A flushing system for removing a wellbore fluid from a downhole tool containing a
bearing package, the flushing system comprising:
a flushing block into which a main hydraulic o1l inlet line and a main air inlet line are

routed;
at least one hydraulic inlet line connected to a main housing of the downhole tool and at
least one hydraulic outlet line connected to a main housing of the downbole tool; and
at least one pneamatic inlet line connected to the main housing of the downhole tool and

at least one pneumatic outlet line connected to the main housing of the downhole tool.

11.  The flushing system of claim 10, wherein the flushing block is configured to route

hydraulic oil to the at least one hydraulic inlet line and to the at least one pneumatic inlet line.

12.  The flushing system of claim 10, further comprising a disposal line, wherein the wellbore
fluid from the at least one hydraulic outlet line and the at least one pneumatic outline line is

routed.

13.  The flushing system of claim 12, further comprising a valve configured to control fluid
flow through the disposal line.

14.  The flushing system of claim 10, wherein an obstructing device is installed in at least one
hydraulic port and at least one pneumatic port of the bearing package to prevent the wellbore

fluid from entering the at least one hydraulic port and the at least one pneumatic port.
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15.  The flushing system of claim 10, wherein the flushing block is configured to provide
hydraulic oil from the main hydraulic oil inlet line to both the at least one hydraulic inlet lme and

the at least one pneumatic inlet line.

16.  The flushing system of claim 10, wherein the flushing block is configured to provide air

from the main air inlet line to the at least one pneumatic inlet line.

17.  The flushing system of claim 10, further comprising a shuttle valve configured to route
air from the main air inlet line only through the at least one pneumatic inlet line to the main

housing.
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