SUBMERSI BLE WELL PUMP | NSTALLATI ON PROCEDURE Cross
Reference to Rel ated Application This application
clainms priority to provisional application 60/548, 359,
filed February 26, 2004. 5 Field of the Invention:
This invention relates in general to installing

el ectrical subnersible punps and in particular to
installing an electrical submersible punp in a subsea
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20 Many subsea wells produce with natural pressure, but others have insufficient
pressure initially or later to flow naturally at adequate rates. Electrical .submersible
pumps have been installed in surface weils for many years and more recently in
subsea wells to pump the well fluid. A typical electrical submersible pump comprises
a large electrical motor that secures to the lower end of a centrifugal pump.

25 Normally, the pump assembly is suspended on the production tubing and discharges

well fluid into the tubing. A power cable extends from the motor alongside the tubing

to the tubing hanger. In the case of a subsea well, the power cable normally
terminates at the tubing hanger, and an electrical connection is made between an

electrical receptacle on the tubing hanger and a power source on the exterior of the
30 tree.
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Brief Description of the Drawings:

Figure 1 is a schematic view illustrating a submersible pump being lowered
through a Christmas tree containing a wear bushing in accordance with this invention.
Figure 2 is a schematic view showing a wear bushing retrieval tool being
25 attached to the upper end of the tubing string after the pump has passed below the
tree.
Figure 3 is a sectional view of the retrieval tool of Figure 2, taken along the
line 3 - - 3 of Figure 2.
Figure 4 is a sectional view of the wear Ibushjng retrieval tool in engagement

30 with the wear bushing in the tree of Figure 1.



tree. Figure 3 is a sectional view of the retrieval

tool of Figure 2, taken along the Iline 3 - - 3 of

Figure 2 Figure 4 is a sectional view of the wear

bushing retrieval tool in engagement 30 with the wear
bushing in the tree of Figure 1. 2 Figure 5is a

schematic view of the tree and the wear bushing after

the wear bushing has been retrieved to the surface.
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Referring to Figure 1, a conventional wellhead assembly is shown located at a

sea floor, the wellhead assembly in this drawing comprising a Christmas tree 11,
referred to as a "horizontal” tree, but the invention is applicable to other types of trees
20 also. Tree 11 is located at the upper end of a cased well and has a bore 13 extending
through it. A production passage 15 leads laterally outward from bore 13. Tree 11
also has a tubing annulus bypass passage 17 that leads from a lower portion of bore 13
to an upper portion of bore 13.

A bore protector or wear bushing19 is shown located in bore 13 for protecting
25  the sealing surfaces within bore 13 from damage from tools and equipment being
lowered through bore 13. Wear bushing 19 is a metal sleeve that lands on a shoulder
in bore 13 and blocks production passage 15 while located within. Wear bushing 19
~ is conventional and typically has some type of retainer to selectively retain it within

bore 13 against upward movement.
30 Figure 1 shows a string of conduit, preferably production tubing 21, being
lowered into tree 11. Production tubing 21 may be conventional tubing having



to an upper portion of bore 13. A bore protector or
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clamps 29 at appropriate points along tubing 21. The operator will continue the
process until pump assembly 23 is below wear bushing 19 in tree 11. Wear bushing
19 guides pump assembly 23 through tree 11 and prevents pump assembly 23 from
25  damaging sealing surfaces in bore 13. Wear bushing 19 also protects the sealing
surfaces from damage by any other equipment previously lowered through tree 11.
Cable clamps 29 may be too large in cross-section to fit through wear bushing
19. If so, the operator will lower pump assembly 23 below wear bushing 19, but stop
before reaching the first cable clamp 29. After pump assembly 23 is below tree 1 1,
30  the operator attaches a wear bushing retrieval tool 37 to the upper end of the string of

tubing 21, as shown in Figure 2. If the cable clamps 29 were small enough in cross-




Platform 33 has a derrick with a draw works (not
shown) that is enployed to 20 support the string of
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Once retrieval tool 37 has landed in wear bushing 19, the operator will retrieve

25 it in a conventional manner, Normally this occurs simply by pulling upward with an
over pull sufficient to pull loose the retainer (not shown) that retains wear bushing 19

in bore 13 of tree 11, The operator then begins pulling drill pipe 41 upward back to

the surface to retrieve wear bushing retrieval tool 37. While doing so, the operator

rolls power cable 27 back onto reel 31. If temporary clamps have been used to attach

30 power cable 27 to drill pipe 41, these clamps will be released as the operator retrieves

drill pipe 41.




15 The operator |owers tubing 21 and punp assenbly 23

farther into the well on drill pipe 41 until
retrieval tool 3 7 lands in tree 11, as illustrated in
Figures 4 and 9. In this position, the upper end of

production tubing 21 will be located at tree 11 and
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tubing 21 as shown in Figure 8. Wear bushing 19 protects the sealing surfaces within
25 tree 11 from pump assembly 23 as it is lowered through tree 11. Once pump
assembly 23 is below tree 11, the operator will retrieve wear bushing 19 on drill pipe
41 as illustrated in Figore 9. Power cable 27 locates within slot 39 (Figure 3) in the
side of retrieval tool 37 as retrieval tool 37 is lowered and engages wear bushing 19.
The operator retrieves wear bushing 19 on drill pipe 41, rolling cable 27 back on to
30 reel 31 during this process.
' Once retrieved, the operator places wear bushing 19 on cradle 35 (Figure 5)

and makes up the rest Qf the total desired length of the string of tubing 21, clamping
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t ot alaﬁ%légl gne I%nd‘f%‘ 81‘15 I?’?ewgﬁl?[ lffgthﬁfw‘#{ﬁlﬁ"féb"“ﬂ"g or tubing spool.
cl anpilsg ibthpeable o:adpsewdtd sh@uteubmgmgto%ssiﬂﬁwga thd %ear bushing, an
process., When . the total of |ength of tubing 21 has

been CREAET ERYd IRke WhbF Mtedepitrddengiinpitubing when Heshamning the pump
ReNehEsndly tHQubiing Welr lﬁishing Ift édbihe gpé}étﬂg%ulé thedMach the retrieval

| ower s _tubi ng hanger 43 on pi pe 4
engalfohimic {preR end pidhe mbmgmtl Iﬂlln th p@nmﬂ fosl. cmi;ﬂl pipe, as explained

retrigmed, Whﬁ@ﬁlb Rekat B&hﬁ%’ﬁ@'r&h@%d@&l‘?&%@é c%%nesi:pgg hord strings of

5 Figure
bing, the operator could then attach the tubing hanger, cut and secure the cable to

the tubing hanger, and lower the assembly on drill pipe. In that alternate method, the
25  cable would not be fed from the reel through the wear bushing while the wear bushing
is supported on the cradle.




The invention has significant advantages. The net hod
avoids the possibility of damage to the seal surfaces
inthe tree while lowering the punp through the tree
bore. The wear bushing is retrieved only after the
punp i s suspended below the tree bore. The use of a
cradle allows the operator to depl oy power cable
through the wear 10 bushing after it has been

retri 5 Wil e the invention has been shown in only
one of Its forns, it should be apparent to those
skilled in the art that it is not so limted but is

susceptiplg HQHE Loyt , depar tin

t he scope o th&%éﬁﬁljﬁ\%g?ﬁg g o?ssg@alﬁp’flea SPEPhSE tglﬁaé(tflg a tubular
t he tW@&leb‘émﬂglbtﬂr’]@Jmaiglﬂmmﬁ ﬂmnbtﬁttathlhghltﬁbﬂmd I @\(Fjebﬁbﬁshﬁlg, the pump
t ubi r..the tubin an 15 cou and in the

vel | h%%gﬂigﬁ%%“n g e '%i gb&l&t BV PARCTAYIA ReBgver cable,
hdusi cegnpriaing: the tree |nstaIIed later. In this case,

the wel | head nenber having the sealing surface and

cont ai ni nqa) heeMBR thelpisip H¥er®Iy ol DEonlibie tV'g |dlq§tﬁ§ﬁi the well at least
housi or tubln%us poo) Also, if the cable clanps

ver e Wrpyeh the e hushingmsthe wisilberdrmemnber wdile deplevingghe pawer cable

oper afl¢tgside tledofRki€tHap the total desired | ength of
tubi ng when first running the punp 20 assenbly through

the wear bysddnR&ting b réBevdl A1 Q@ﬂfe%ﬁ&mt’%lﬁ@ %pﬁr}ﬁ)wer cable into a

attach the retrieval tool to the uppef e
tifbi ilptama Srd@nmtllhef theretfievahtoot, e loverigithd reprievel, toalsand the pump

expl akahy Qﬁ@é’ 6113 of Yﬁ%’owgygﬁll? &tx’tl 316: reezraeva? Koeo‘ii engages the

rat her than con | nore strings o

opera?t'e@rb‘lﬁbuﬂgdthemen attach t he tubing hanger, cut and
secure the cable to the tubing hanger, and | ower the
assenbl y 69 lifting thepopdnit dnd Ibh'avmglth@i‘)vﬂﬂtlﬁls]ﬁﬁg v, thé Berieval tool

25 ¢ ot be f he reel thrqugh the

wear tﬁtﬁﬁ%ﬁﬁ%g S R o s et gepi @BL%&M@@& bhing reaches
tihe chegdhtéormytheh diseandcting tigehRdalabol ifos] @k béddit Saridu NP
assenbly in a subsea well having a tubul ar wel 1 head

menber adjdceiiectinien Emgerfth wnoglﬁ&ﬁf] AaNb P&t tﬁt‘;ﬁm & and Ithe conduit
wear assenmbl y having an el ectrica
not oM™ #HETﬂ&@@@@%@énggﬁﬁ#m9¥%nﬁn bsdwer cable, 5

conprising: (a) lowering the punp assenbly on a
conduit to a depth in the well at | east

2. The method of claim 1, wherein after step (c) and before step (d), running
additional conduit into the well and deploying additional power cable alongside the

20  conduit until a total desired length of conduit is reached.

3. The method according to claim 2, wherein the additional power cable being

deployed between step (c) and step (d) is fed through a bore of the wear bushing while

the wear bushing is supported on the platform.

4. The method according to claim 1, wherein, wherein the pump assembly is lowered
25  sufficiently in step (a) such that it is still below the wellhead member when the
refrieval tool reaches the platform in step (c).



through the wear bushing in the well head menber while
depl oying the power cable alongside the conduit; then
(b) connecting a retrieval tool to the conduit,
inserting the power cable into a 10 slot in a side
wal | of the retrieval tool, and |lowering the retrieval
tool and the punp assenbly whil e deploying nore of the
power cable until the retrieval tool engages the wear

Che e TS S Hgorditg RECoit 1 asrein 481 Conit solovisiingised and
up t hiewereden stemby; (apl Q) Sespobtivdl § Ryithithe b8alok b strnlﬂg oG pipe.

bushi ng reaches 15 the platform then di sconnecting
the retrieval tool fromthe conduit; and (d)

connegt i hanger..to, the condquit and | o ing.th

O B AR B s B VE RS o ot

vel | hieatpeeaytaad (b)Zand tiengmay fethodler 64t 1 stop (WS Pefformed with the

after st g%% and befgre step (d), running

a&%iﬂFBHg&m elneths PiEPhe wel | and depl oyi ng

addi tional power cable alongside the 20 conduit until

a total desired length of conduit is reached, 3. The

met had ﬁmﬂmhhd’@cﬁﬂinglt@blﬁingl,bmﬁﬁ stp t&)@ur?ﬁ)g Mmlg'ﬁ@% connecting an
ower.__cabl i n dep| o etween step (c) and step

?d) i"sl,’PFfeea‘ﬁtOEﬁ’&PgW%“g{?rté hapgee pResio lowameihe hmesre

the wear bushing is supported on the platform 4. The

nmet hod according to claim 1, wherein, wherein the punp
asserfbl W insthodwel agtallRg = pidfp cisesntbly ih ﬁibeaméval) Iﬁu@@ a tubular

that j tniS;.stidl bel ow,the | | head. nenber en, t he

ot r MR Bt adfse@l et fiforcPipin (i e bushing to potect a
Tioe nedlingdudaeoridiing bofe ol thd WellhcalMaRhes) tﬁé]?mﬁ'})ﬁgéiﬁﬁly having an
islo ed, raised and, lowered in steps (b), (c) and

(d), “ﬁgé’ﬁé‘c {90 &:’“ WFeH et ROWSE T8 % PQYE RPIes Vil | power cable,
pipecoﬁlﬁghg nmet hod according to claim1, wherein the

steps of deploying the power cable in steps (a) and

(b) and t alsiioge etﬁé‘gurﬂ;?%&fnﬁﬁmnﬁl étl%lgs{detgtﬁl.(lg )ﬁ}gﬂlrf?surface platform

performed with t use of Cable ree

pl at Rbleast throughrige miserrnghiag dothdiwrljhead rotraberwhile dbglopihg the power
qgepcgﬁgaﬁﬂéiﬁgmﬂﬁﬁgﬁf&%§s connecting an upper end of
e

t he power c etot anger prior to lowering the
hanger. () connecting a retrieval tool to the tubing, inserting the power cable into a

slot in a side wall of the retrieval tool, and lowering the retrieval tool and the tubing
while deploying an additional amount of the power cable until the retrieval tool

engages the wear bushing; then

20 () lifting the tubing and retrieving the wear bushing with the retrieval tool
while taking up said additional amount of the power cable until the wear bushing

reaches the platform, then disconnecting the retrieval tool from the tubing; and

(d) connecting a tubing hanger to the tubing, and lowering the pump assembly

again until the tubing hanger lands in the wellhead member.

25 9. The method according to claim 8, wherein step (c) further comprises placing the

wear bushing on the platform, then prior to connecting the tubing hanger to the tubing




8. A nethod of installing a punp assenbly in a subsea
wel | having a tubular well head nenber adjacent the
sea floor containing a tubular wear bushing to protect
a 10 sealing surface within a bore of the well head
menber, the punp assenbly having an electrical notor
that receives power froma power source via a power
cabl e, conprising (a) lowering the punp assenbly on
a strJn tubln fron1apﬁ&rf ce platform at | east

t hr oug? ). Ay e 110 hdesiicd ieteh l&f-‘flgWWhlLﬁ deploying
depl %bﬁ%ﬁﬁbﬁ)oﬁfé)‘\@dble thRou gﬁﬁieewe%k BGRAR i VPeal Hl%:hﬁ%’remams on the

t hen (b connecting a retrieval tool to the t

i nserBl# -he power cable into a slot in a side wal
of the retrieval tool, and |lowering the retrieval too
and the tubing while deploying an additional anount

of t hi. pawe e gctiirg tol £18int 6! Wheread 1%&1 the£d hjng on the
t he wear. bushi ng; then 20 (c) [ifting ubi ng

r et r i RHHE coraprgen plasingha gvear tbﬁshlhE oneq ptaéhafbn tfhﬁoplatform in an
Mhl|qnaﬁ&3?g$&&Lsald addi ti onal amount of the power

cable unti the wear bushing reaches the platform

then di sconnecting the retrieval tool fromthe tubing;

and (q nnectlng a tubln? hanger to the tubing, and

| overiingThh Befigficediagite ywlain |W1l'le£m{1 ithe pyep asfemhly is below the

hang Qﬁeﬂh@ﬂﬁ&elhﬂertuhﬁn el rbiead 1dee %@ﬁes t lgcfoni?iﬁ stap Ecjj od

according to claima8, wherein step (
conprises placing the wear bushlng on the platform

then pri L t onnecting .the tybing hanger to the

t ubi ri'% egif 360%06 ing fGy @P@*a@vﬂljr%n PYER Y RoTBpTisehErapping the power
t10bi Rgble o the teting Rdhd bk id I8Weled. Whi | e depl oying nore

of the power cable through the wear bushing as the

_ wear bushlng renalns on the platforn1 10. The nmet hod

h bushi
on cH e refol ortintite <l AR ch b, s daN P ised and

on alewadd & sips BIe(cphitt (R refptdtiveRy, with @l RESE PRFAS b1AII pipe.
11. The method according to claim8, wherein the punp

assenmbly is below the wellhead menber when the
retr r h f n
etri 18V al’lhe ﬁwd 2607 Sg?’ tot cla%n eroelin e stefc)’st ofo deglog'mg the power cable

in steps (a) and (b) and taking up the power cable in step (c) are performed with the

15  use of cable reel on the platform.

15. The method according to claim 8, wherein:

the pump assembly is lowered in step (a) by securing lengths of tubing
together;

the retrieval tool is lowered in step (b) by securing lengths of drill pipe
20  together;

the retrieval tool is retrieved in step (c) by removing the lengths of drill pipe
while lifting the tubing; and

the tubing hanger is lowered in step (d) by securing the lengths of drill pipe

together again.

i0



12. The nmethod according to claim8, wherein step (a)
conprises strapping the power 10 cable to the tubing
as the tubing is lowered. 13. The nethod according to
claim8, wherein the tubing is | owered, raised and

| owered in steps (b), (c) and (d), respectively, with
the use of a string of drill pipe. 14. The nethod

according to claim8, wherein the steps of depl oying

the p cable, in steps,(a), and (b) and_taking u ,
the pitelreghed ?%?@?%‘%ﬁ% &hﬁ@ﬁﬂf S5l A Cfptfoes gommecting
use ofn uppbi diof e powet Eublcab &id tabiRE hdiger. The net hod

according to claim8, wherein: the punp assenbly is

| owered in step (a) by securing | engths of tubing

together;, the retrieval tool is |lowred in step. (b).b
securﬁgﬁ & OHSO%PS%E@W ? B assfﬁnﬁ’oﬁle? ﬁgl?sf’a t“ﬁ%‘ ha?vmgy a tubular
r et r i vesillead @@inbérsadfaeédt kievses flodt dhRikgCs tubar WEMR Bidhehg to protect a
the lengths of drill pipe.  while lifting the tubing; )
and t% & WHg @rboresof thesielbead mepptsp theipurmyy assembly having an

Securdldgridall Gndt6 #ab SreQived T R at | ny
16. The net hoof accaorgli n\é tfg)dvtelrgfirré}nﬁg,l ﬂ\%hg%% E?‘ﬁ"gf@kﬁ( gsmer cable,

furt HEMPESRET | ses connecting an upper end of the

power cable to the tubing hanger. 17. A nmethod of

i nst al | i ndg@dopemge the purblagsemblnos alstsing ofwrdduttion tnbjing by securing
t ubul @k I . ' . .

cont arrions S ARERBABERRer N ALCRi P pATF ateeiBlicis below the wear
déal ibughing irf the avellh¢adimensbeb,omd striipiethepbivheaticratorizside the tubing

t he Wa?&?&@%?ﬁtoaﬁ{}i;ﬂ%nan el ectri pal not or t hat
recei'ves power om a’power source via a power cabl e,

conpri si ng; owering the. ssenbly . on a strin .
of prod ucgli" )o"&lﬁieuth? %‘bm%il/g%r%@H FSP#@%@% Eﬁe%%lh‘@p r'i“?@’er’ cdtlnecting a
tb u Ibi ng:riﬁ@@ eddd s tfatn;)ﬁile%msexwmg itlieh;idﬂ@r P?brl]@ingﬁﬁ %r;l‘gbzﬁ slo$ inda side wall
el ow .t he wear shing in the ead nenber, and _
stra 6&‘&‘ eF%‘F@alﬁB‘i’ae?n%c‘aB’F%lgatﬂsﬁﬁ@?‘@it%éﬂq e tubine 9 @ piigg of drill
rgel pile White BéRGiRS BA addi€6hal amount of power cable alongside the drill pipe

from the reel until the retrieval tool lands in the wear bushing; then

(c) retrieving the wear bushing with the retrieval tool by retrieving the drill
pipe while taking up slack of the power cable with the reel until the wear bushing
reaches the platform, then disconnecting the retrieval tool from the tubing and

20  supporting the wear bushing adjacent to the reel; then

(d) adding more sections of the tubing while deploying additional power cable
from the reel and through the wear bushing until reaching a desired length of the
tubing; then

(e) connecting a tubing hanger to the tubing, cutting the power cable at the

25 reel, and connecting the power cable to the tubing hanger; then

(f) lowering the tubing hanger with the string of drill pipe until the tubing
hanger lands in the welthead member, then retrieving the drill pipe.

11



(b) while the punp assenbly is still below the

wel | head nenber, connecting a retrieval tool to the

tubi ng, inserting the power cable into a vertical slot

in a side wall of the retrieval tool, and | owering

the retrieval tool and the tubing on a string of dril

15 pi pe while deploying an additional anount of power

cabl e alongside the drill pipe fromthe reel until

the retrieval tool lands in the wear bushing; then (c)
retrieving the wear bushing with the retrieval tool by

r et ri Bi Hep mptod pecordingstoprbaimhi 7, avhereki supperping rmokeao bushing in step

- oachoLErpERE Boithk e it ARRoe i e R N R PR e

tool fromthe tubing and 20 supporting the wear

bushi ng adj acent to the reel; then (d) adding nore

sect i BhsThs methed tagesirdins dhleim d @pibsreinghe doliveri sonk is located at the
power,.gikhe t el gh_t he. wear , . .
bushi ng Unt | T&?géglc hélﬁggﬁlg eeg& ?ie I 1geyng PRSP, ghaking an - electrical

t bbi rpgagenent $aetWeanahepovdirgbla at thb tutgngdisingarant an eketrical contact of
tubiqg &H&%iqg the power cable at the 25 reel, and
connett PRGtRE Hower cable to the tubing hanger: then
(f) lowering the tubing hanger with the string of

drill pipe until the tubing hanger lands in the
wel | head nmenber, then retrieving the drill pipe. 11
18. The method according to claim17, wherein
supporting the wear bushing in step (d) conprises

pl aci ng the wear bushing on a cradle in an inclined
position. 19. The nethod according to claim17,
wherein the power source is located at the well head
menber, and the nethod further conprising maki ng an

el ectrical 5 engagenent between the power cable at the
t ubi ng hanger and an el ectrical contact of the power
source. 12
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