APPARATUS AND* METHODS FOR CLEANING A VELL This invention. relates to t-he |
servicing of wells by use of small dianeter work strings and nore*
particularly to renmoval of -scal e and ot her downhol| e deposits froﬁ1the

i nsi de dianeter of well tubiilars. It has been common practice for many
-years to run a continuous reel ed pi pe- (krown extensively in the industry as
."coil tubing") into a well to performoperations utilizing the circulation
-of treating and cl eanout f|UIdS such as water, oil, acid, corrosion

i nhibitors, hot oil, n|tr foam etc. be i ng_continuous ' :
rather than jointed, ﬂﬁk UYg ANDMETHORS §p$w@¥56ﬁim ﬁphhous novenent.
of the tubing through a coil - tubing injector. Coil tublng is frequently
used to circulate cleanout fluids through a well for the purpose of _
~elimnating sand bridges, scale, and simlar downhol e obstructions. often
such . Obstructions are very difficult and occasionally inpossible to
renove because of the inability to rotate the coil tubing and drill out
such obstructions. Turbo-type drills have been used but devel op
insufficient torque for many jobs. O her devices have been used to attenpt
removal of foreign material fromthe interior of well tubulars. These well
tubul ars vary frdhmis invention relates to the servicing of wells by use

of small diameter work strings and more particularly to removal

of scale and other downhole deposits from the inside diameter

- Ny
' of well tubulars. T
'
It has been common practice for many years to run a
continuous reeled pipe (known exteu51ve1y in the industry as
"coil tubing") into a well to perform operations utilizing the
circulation of treating and cleanout fluids such as water, oil,
acid, corroéion_inhibitors, hot oil, nitrogen, foam, etc. Coil
tubing, being continuous rather than jointed, is run_into and
[0 out of a'weli with continuous movement of.the tubing through a ~\‘§

coil tubing injector.

Coil Eubing is frequently used to circulate cleanout

fluids through a well for the purpose of eliminating sand

bridges, scale, and similar downhole obstructions. OUften such



“unper feorated and perforated pipe, |arde dfameter casing, production tubing,
and. slotted or wire-wapped well liners. Wll tubulars often becones
«plugged or coated with corrosion products, sedi nents and hydrocarbon
deposits. The deposits may consist™of silicates, sul phates, sul phides,
carbonates, calcium and organic growth. It is desirable to perform
drilling type operations in wells through use of coil tubing which can be
run into and renoved froma well quickly in addition to perform ng the
usual operations which require only the circulation of fluids. The sane
types of ohsltiruserivins ray ecarerat shi fifel quelrd e docvd 4 i vd 1 Dysimpekk i giianeber
work strings. The present invention nmay be used with such-work strings and
i s not | FRIMP¥EG becadise fbitde imadidddnplte motwwt« sheiagikonhsbsngngndf one
inch (25.4.my jointed pipe nmay be insert through a two inch(50.8 mm)
product i BRitAbPNG Smchn@bss ructimnshy driiunbayne debhl s Heavesbeendiiasdt er
of five anh (127 mm), casing below the end of the tubing string. U S

Pat ent 309854885 1qm dpsiufficd ang maFsver fog atany oiriNoveridien 5de v bees
di scl oses a device for handlin%-tubin and the like. This device is cagable
of injecﬁ?ﬁﬁ sggpeHSF&bFﬁgatte pt removal of foreign material from th

interior of well tubulars. These well tubulars vary from
IUnperforated and perforated pipe, large diameter casing,
production tubing, and slotted or wire-wrapped well liners.
Well tubulars often becomes plugged or coated with corrosion
products, sediments and hydrocarbon deposits. The deposits may
consist of'silicates, sulphates, sulphides, carbonates,

calcium, and organic growth.

It is desirable to perform drilling type operations in
wells through use of coil tubing which can be run into and
femoved from_a well quickly in addition to performing the usual
opérations which require only the circulation of fluids. The
~same types of well servicing can also be performed with various
small diameter work strings. The present invention may be used
with such work strings and is not limited to coil tubing. For

example, a work string consisting of one inch (25.4 mm) jointed

pipe may be insert through a two inch(50.8 mm) production

tubing string to



into a well through suitable seal neans,” such as a bl owout preventer or-:,
stripper, and is currently commonly known as a coil tubing injector. "« S.
Pat ent 3,313,346 issued April. 11, 1967 to Robert V. Cross and di scl oses

met hods and apparatus for working in a well using coil tubing. U. S 'Patent
3,559, 905 which issued to Al exander~ P&l ynchuk on February 2, 1971 discl oses
an i nproved coil tubing injector. H gh pressure fluid jet systens have been
used for many years to clean the inside dianeter of well tubulars.

Exanpl es of such systens are disclosed in the following U S. Patents:
3,720, 264 hydraulical By 80De@d lthe inside d4adéier56£f3£81E 4D8%ch (127 mm)
4,088, 191 ) 4,442,899 3,829,134 . . 4,349,073

4,518, 041 casimg hﬁﬁ?ﬁ(ﬁ?qfﬁPQN?feﬁﬂFgﬁﬂP%?ﬁhEﬁ?&?gtubing cl eaners have
been used for many years to renove scal e and other deposits fromthe inside
di aneter of tubes used in heat exchangers, steam boilers, condensers, etc.
Such deposits may consist of silicates, sulghates, sul phi des, _carbonat es,

cal cium and or §ani% dtar@nt W3S pi82nelsicheiapued, teckameRels M QR t¥ s

of various designs were anong. the first tools'usgd tg trX_to .
November 15, 1966, discloses a device for handiling tubing and

the like. This device is capable of injecting reeled tubing
into a well through suitable seal means, such as a blowout:
preventer or stripper; and is currently commonly known as a
coil tubing injector. U. S. Pateht 3,313,346.issued April 11,
1967 to Robert V. Cross and discloses methods and apparatus for

working in a well using coil tubing. U.S. Patent 3,559,905

which issued to Alexander Palynchuk on February 2, 1971

discloses an improved coil tubing injector.

High pressure fluid jet systems have been used for many
yeafs to clean the inside diameter of well tubulars. Examples

of such systems are disclosed in the following U. §. Patents:

3,720,264 3,850,241 4,441,557
3,811,499 4,088,191 4,442,899
3,829,134 4,349,073 | 4,518,041



~

renove . ufwant ed deposits. Some of these tool:ss did not reach into the slots
or peffoFétions. Those with wires or feelers thin enough to enter the slot
or perforation were often too thin to provide nuch cl eaning force. Several
types of washing tools are avail abl e which use pressurized jets of fluid in.
an-attenpt to dislodge undesired material fromwell tubulars. The

devel opnent of jet cleaning has advanced fromlow velocity for use in

cl eaning and acidizing to abrasive pardi<l es suspended in high.pressure
fluids. Abrasives are used for cleaning flow conductors, but with results

| ess than favorable since the flow conductors are soneti nes eroded al ong
with the foreign material plugging or coating the fl ow conductors. -5-

U.S. Patent 4,62But3dé atleodd ante@adniitalust rydeutd ng @addieidPdave
U S. Patent 4,705,107, discloses the use of boiler type cleaning equipnent
to clean wheen msedafs rdaamyolyears 9.0S.remeventscs 128 BIb ® thiesc |[depas it S

cl eaning tqol indexed hy flyid pressure changes., Devel opnent of apparatus

fromt hese%ﬁ&f“e Ilé_ﬁ‘fd(? ldt’r_émﬁrt&'er?ltfi &St iq‘\?ﬁ.d A(E’_cg‘reditngfﬂcé‘ad’r?ee‘gs_s’pect of

E)P €t nvent-ls re]a’amt 01 e'x'ss,,Iorc:%\fnldcilaexﬁlsearss,ysettet:n.1 f%rucchl %%rfnlonsgi ttsh?na'ynsc'odnes i‘jls't:argalét er
'silicates, sulphates, sulphides, carbonates, calcium, and

organic growth.

Wire brushes, scrapers, scratchers and cutters of
various designs were among the first tools used to try to
remove unwanted deposits. Some of these-tools did not reach
into the slots or perforations. Those with wires or feelers
thin enough to enter the slot or perforatidn &ere often too
thin to provide mﬁch Cleaning force. Several types of washing
tools are available which use pressurized jets of fluid in an
‘attempt to dislodge undesired matérial from well tubulars. The
development of jet cleéning Has advanced from low velocity for
N . use in cleaning and acidizing to abrasive partic1e§ suspended
in high pressure fluids. Abrasives are used for cleaning flow
conductors, but with results less than favorable since the flow
conductors are sometimes eroded along with the foreign material

plugging or coating the flow conductors.



wel | tubulars conprising-a work string 'di sposed within the well tubular,.
means for |ongitudinally noving the work string within the well tubulay; .
means for supplying power fluid to the work string, fluid jet cleaning
apparatus attached to the end of the work string within the well tubular,
the jet cleaning apparatus having an inner mandrel and an adapter to
connect the.apparatus to the work strimg,S a-housing rotatably carried on
the exterior of the inner nmandrel fluid flow path fromthe work string

to the housing via thé"isnné?ratr?é’ﬁd’r"‘e%,zsa 762 A PRELHE RIALRFIHEY housi ng
to be concentric wth the inner .mandrel, ang i | ui nicatipn wth the
housi ng, a pl)gldﬁxg\fql Fg‘tear%znﬂ er%g)onln'chi rlf’:& i nry'éac}:etq.‘n% %@zﬁc'cei%d Jdﬁ%]?%?ér,\% cally
opposite frapm.e teh el 131 %\7;:?%“ Ll Y Yfehlomuered | 4 ially
tangential ?gl_at_ %%Qn%zz%glbo%y er té%y ap'ov@:_ fﬁltpé exi ttlJng&lférj%r‘fns"t§ e pair of

j et nozzl es¢ibbh a¢@UdBwndlad.on o d.hefeus g 7nd 25te rdlgsdwdy to
renove deposits fromthe inside dianeter of the well tubular, and the

| ongi t udi nakb1BBYiRG FR@1S iH@ENEdS Y0 AUId Ipriddiur@ idNarges. According to
anot her aspect of the invention, there is provided a fluid jet cleaning
appar atus fDevelopment of apparatus from these patents led to the-

3

present invention.

According to one aspect of the invention, there
is provided a system fdr cleaning the inéide diameter of
well tubulars comprising a work string disposed within the
well tubular, means for lohgitudinally moving the work
string within the'well tubular, means for supplying power
fluid to the work string, fluid jet cleaning apparatﬁs-
attached to the end of the work strihg within the well.
tubulaf( the jet cleaning apparatus having an inner
mandrel and an édapter to connect the apparatus to the work
string, a housing rotétably_carried on the exterior of fhe
inner mandrel, a fluid flow path from the work string-to?
the housing via'fhe inner mandrel, a nozzle body attached CJ
to the housing to be concentric with the inner mandrel and
in fluid communication with the housing, a pair of jet
nozzles machined into the nozzlé body diametrically{
opposite from each'other and oriented to project bOWer .
_fluid essentially tangential to.the nozzle body whereby
power fluid exiting from the pair of jet nozzles will cause

rotation of the housing and the nozzle body to remove



“cl eani-ng the inside dianeter of well tubulars conprising an inner mandrel
and, amgadapter to connect the cleaning apparatus to a work string, a
»hou3|ng rotatably carried on the exterior of the inner mandrel, a fluid
flow path fromthe work string to the housing via the inner mandrel, a
nozzl e body attached to the housing to begconcentric with the inner nmandrel
and in fluid comunication with the hou5|ﬁ@ and a palr of jet nozzles

ori ented to BPBPSAESREHEn It A Rt CeLOSANREal By &7 ety dere anrd and
offset relatiyg 8nblitubaRdh! dbaAl HekhsObolBF1sln an%%e'tumggfby power

fluid eX|t|ng he pair of jet~nozzles w cauSe rotatio

housi ng and §Rh¢eB@azl.e body to renopve deposits fromthe inside diameter of
the well tubular, the flow path conprising a plurality of ports extending
radi al |y through the | neeoraangr eéb haothkoWakbect egmrnal Gakleariwn,h the
housi ng and t he housi ng di sposed on the exterior of the inner mandrel to
cover the potherendsfprovidednaulfanidhgettecleaniegeappapranas ffowi d from t he
flow path. The invention nmay al so provide fluid jet cleaning appaatus with
stationary afdeppingi khej énspdezfagmeter of well tubulars comprising

an inner mandrel and an adapter to connect the cleaning
apparatus to a work string, a housing rotatably carried on
the exterior of the inner mandrel, a fluid flow path from
the work string to the housing via the inner mandrel, a
nozzle body attached to the housing to be concentric with
the inner mandrel and in fluid communication with the
housing and a pair of jet nozzles machined into the
nozzle body diametrically opposite from each other and
oriented to project power fluid at substantially a ninety
degree angle and offset relative to the longitudinal axis
of the inner mandrel whereby power fluid exiting from the
pair of jet nozzles will cause rotation of the housing add'
W, the nozzle body to remove deposits from thé inside diameter
of the well tubular, the flow path'coﬁprising a plurality
of ports extending radially through the inner mandrel to
allow fluid communication with the housing and the housing
disposed on the exterior of the-inner mandrel to cover the
ports and form an annular chambe; to receive power fluid
from the flow path.
The invention may also provide fluid jet cleaning

appaatus with stationary and rotating jet nozzles.



axis of the

Fluid jet cleaning apparatus according to the invention may be provided:
with jet nozzles oriented at various angles relative to the |ongitudi nal

cl eani ng apparatus. C eani ng apparatus according to. the

i nvention may be provided with jet nozzles conbined with a nmechani cal

cl eani ng too

skilled in t

with the drawings and CI&‘s. I8 l&ﬁ%"tﬁaﬁﬁ‘?%%a‘é‘f%f : Fa tf ;
FRyspitson, Aevapsbrel idhd ol MY o 2add SePBleed b 0N AN

application
I n which app
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body with a

a plurality @ﬁeghgh@'b@bgrgniﬂnding at angles relative to the |ongintudi nal

axis of the
FIGURE 1 is
section with
cl eani ng app

| to renove all types of downhgl e deposits. Additional objects
and advant ages of the present invention wi ¥l be readily apparent to those

he art after studying the witten descriégion | n_conjunction

SFdteg Fo the

rawngs are use e a system

e

pair of jet nozzles for causing rotation of the nozzle body and.

apparatus for cleaning the inside of the well. In the draw ngs:

a schemat i Clédvamiimy gqupdratusy docat®Mmed it e Davéheidy may

portions broken away showing a coil tubing unit and fluid jet

aeapwgvdéwdedghddeshtIZﬁkQBnQdmbinEﬂtkithEammemh@mieal
cleaning tool to remove all types of downhole depoSits.

Additional objects and advantages of the;present'
invention will be readily appérent to'those skilled in the
art after studying the written description in conjuncfion
with the drawings and claims.

The same drawings are also used in application
No. , which is a divisional of this application
and in which application the drawings are used to |
illustrate a system for cleaning a well, comprising a fluid
jet cleaning apparatus having a nozzle body with a pair of

jet nozzles for causing rotation of the nozzle body and a

plurality of fluid jets extending at -angles relative_to the'

longintudinal axis of the apparatus for cleaning the inside
of the .well.

In the drawings:

-FIGURE 1 is a schematic drawing partially in
elevation and partially in section with portions'bréken
away showing a coil tubing unit and fluid jet cleaning
apparatus removing deposits from the inside diameter of a

well tubular.

o



wel | tubul ar. FIGURE 2 is an enlarged drawing partially in section and
parti.al hy in el evation showing the fluid jet cleaning apparatus of Figure
1, FIGURE 3 is a.drawing in end view from bel ow of Figure 2. FIGURE 4 is a
drawing in section taken along line 4-4 of Figure 2. FIGURE 5 is a draw ng
in section taken along line 5-5 of Figure 2. FIGURE 6 is a schematic
drawi ng partiallly in elevation and partialf in section show ng an
~alternative fluid jet cleaning apparatus which can be used to rotate a
mechani cal cleaning tool. FIGURE 7 is a schematic drawing partially in
el evation and partially in section showi ng a nechanical cleaning tool
attached to the aFI6URBt 2vesfhii @nlergededpaRingppareinslef ihi geceion In
Figure 1 well 20 extends fromwell head 21 to an

and partially in elevation showing the fluid jet cleaning

apparatus of Figure.l.

FIGURE 3 is a drawing in end view from below of

Figure 2.

FIGURE 4 is a drawing in section taken along line 4-4 of

AN
Figure 2.
'FIGURE 5 is a drawing in section taken along line 5-5 of
‘Figure 2.
FIGURE 6 is a schematic dfawing partially in elevation
and partially in section showing an alternative fluid jet -
cleaning apparatus which can be used to rotate a mechanical
‘cleaning tool.
w ' h

FIGURE 7 is a schematic drawing partially in elevation
and partially in_section‘showing a mechanical cleaning tool
attached to the alternative fluid jet cleaning apparatus of

Figure 6.



under ground hydrocarbon or fluid producing formati on (not shown). Well. 20
Is defined in part by casing string 22 with production tubing string 2%?
di sposed therein. This embodi ment will be described with respect to tubing
string 23. However, the present invention can be used with other types of
wel | tubul ars or f|OM/COﬂdUCt0rS including liners and well screens. Al so,
the present inventionis not limted to I ntenance of oil and gas wells.
During the production of formation fluids, various types of deposits may
accunul ate on the inside dianeter of the well tubulars or flow conductors.
Exanpl es of soft deposits are clay, paraffin, and sand. Exanples of hard
deposits are silicates, sul phates, sul phides, carbonates and cal cium The
present invention is part|cularly useful for rempval of deposits found in
geothermal and oil wells but may be satisfactorily used to renove. other
types of deposits. Uslng conventional well serV|C|ng t echni ques, injector

rzgerag7b?snf)ﬁsmé{ra?:e y | nJ ec orﬂﬂzf%%né%ore omg cﬂliglg ?,%’612326FT Irt(:)?r
ggl f‘”?ugl:n‘rt]llgeq 3 Nanﬁgamam %Nstﬂpi&rx?r@dtl@%dfdﬁd@?oﬁOi"ﬁ’éte“d of
shown). Well 20 is defined in part by casing string 22 with
production tubing string 23 disposed therein. This embddiment
will be described with respect to tubing string 23. However,
the present invenﬁion can be used with other types of well ()
tubulars or flow conductors including liners and well screens.

Also, the preseht invention is not limited to maintenance of

oil and gas wells.

During the production of formation fluids, various types
of deposits méy accumulate on the inside diameter of the well
tubulars or flow conductors. Exémples of soft deposits are’
clay, paraffin, and sand. Examples of hard deposits are
éilicates, sulphates, sulphides,.carbonates and calgium. " The -
present invention is particularly useful for removal of Rt

dépdsifs found in geothermal and oil wells but may be

satisfactorily used to remove other types of deposits.

Using conventional well servicing techniques, injector

25 can be mounted on wellhead 21. Coil tubing or work string



28 includes the necessary punps, valves; and fluid reservoirs to discharge
hi gh. pregsure cleaning fluird (power fluid) into bore 24 via coil tubing 26.
Mani fold 28 is connected to reel 27 by power fluid supply line 34.

Regul ati ng val ve or dunp valve 35 is provided in supply line 34. Valves 29
and 30 can be used to control the return of spent power fluid to the well
-surface. Wellhead valve 31 is used to cont@ol vertical access to and fluid
comuni cation with bore 24 of tubing string 23. Bl owout preventers 32 are
normal Iy installed between well head 21 and injector 25 to block fluid flow
during energency conditions. As best shown in Figure 2, cleaning apparatus

40 consi st off famrrews) a27 cospinnset tled -byrdipjet tod, 25 NMeto B €24 455

rotatable housing 50, and nozzle body 60. Bearing neans 70, 71 and 72 are
| ocat ed on Guiiag rtwhng 26 t F il teow 3Dtaaid cflwalfd hietsi aige S0 o) Ca ppeed guHody

60 relative thereto. Adapfer 41, simlar to a tool joint, is a generally

short cyliddidta addAnhedy ta the deyer@nhiofhanidgaubing 2 eNEmifold
therethrouQQ..Heaﬁy duty threads 43 are forned within one end of passageway
42 to connddt MiGHFdST. CERF Y RURRS, ¥Rlyesy rand 1§l F e akns ng

2 e e Yo, Hschaitle gk pPUSTH WAL TN BN 5K ©
bore 24 via coil tubing 26. Manifold 28 is connected to reel
27 by power fluid supply line 34. Regulating valve or dump
W valve 35 is provided in supply line 34. Valves 29 #nd 30 can
be used to control the return of spent power fluid to the well
 surface. Wellhead valve 31 is used td control vertical access
to and fluid communication with bore 24 of tubing string 23.
Blowout preventers }2 are normally installed between wellhead

~ 21 and injector 25 to block fluid flow during emergéncy

conditions.

As best shown in Figure 2, cleaning apparatus 40 consists

of four major components -- adapter 41, inner mand;el 45,
rotatable housing 50, and nozzle body 60. Bearing means 70, 71\\
and 72 are located on inner mandrel 45 to allow rotation of
housing 50 and nozzle body 60 relative thereto. Adapter 41,

similar to a tool joint, is a generally short cylindrical

coupling with longitudinal passageway 42 extending



inner mandrel 45 therewith. Longitudinal bore 46 extends at |east partially
t hrough inner mandrel 45 and is aligned to receive power fluid fIOM/frgyﬁ .
passageway 42. A plurality of ports 47 are machined radially through inner
mandrel 45 internediate the ends thereof to allow fluid comrunicati-on
betweeen the interior and the exterior of inner mandrel 45. Fluid flow path
48 whi ch conmuni cates power fluid fromwork string 26 to housing 50

i ncl udes ~passageway 42, | ongitudi nal bore]46, and ports 47. Annul ar chanber
51 is provided within housing 50 to receive power fluid fromports 47. A
plurality of |ongitudinal openings 52 are provi ded between annul ar -chanber
51 and nozzl e body 60. Matching threads 53 are used to attach nozzl e body.

60 to housiheg ethriougleceileavy Wduk £ othteadat4 Pnafé opptnedi withdal oRBEBHATS
52. Nozzl e body 60 has its own annul ar chanmber 61 to receive power fluid
from | ongiafudassaganay g B2 .connect avitly theflowerjend nofzfitext 38dor

axi o of | AHeGtTan ok ATEPhAGITH | HHEeD 34715 Thef vreds o Lhigges
ooV, SO RIS IS SVELE o AP ba RGP 88 PG GonnllE
dia”EtriC@dﬁéf”ﬁ%ﬁﬂﬁélfJSUEK%¥%k£¥K¥” B PEOETNSE BOrO' PbCEktends at
least partially through inner mandrel 45 and is aligned té
receive power flﬁid.flow from passageway 42. A plurality of
ports 47 are machined radially throhgh_inner mandrel 45 o | o/
intermediate the ends thereof to allow fluid communicétidn
 betweeen ﬁhe iﬁterior and the exterior of inner mandtel'45.
Fluid flow path 48 which communicates powér'fluid'from wqu
string 26 to hbusing 50 includes passagehéy 42, longitudinal '
bore 46, and pdrts 47. Annular chamber 51 is provided wiihin
housing 50 to receive power fluid from ports 47. A plurality
of longitudiﬁal openings 52 are provided between annula;
chamber 51 and nozzle body 60. Matching threads 53 are used to
attach nozzle body 60 to housing 50 to receive fl@id

communication from longitﬁdinal Opénings 52.

Nozzle body 60 has its own annular chamber 61 to'réceive
power fluid from longitudinal openings 52. A plurality of

fluid jet nozzles extend through nozzle body 60 at various



power fduid essentially tangential to annul-ar chamber 61 or at a ninety
degree qpgle relative to both the diameter of nozzle body 60 and the

Longi tudi nal axi-s of inner mandrel 45. Jet nozzles 62a and 62b are oriented
to cause power fluid exiting therefromto rotate housing 50 and nozzl e body
60 and thereby significantly increase the renoval of deposits fromthe

i nside diameter of well tubulars adjacent fghereto. Fluid jet nozzles 63
extend t hrough nozzl e body 60 at various angles relative to the -

| ongi tudi nal axis of inner mandrel 45. The orientation and nunber of jet
nozzles 63 is selected to allow power fluid exiting fromjets 63 to renove

deposits faynddieré Nt fike dé@nﬁiérld}fogi’ﬁldiﬂé@%:@f§ G2 PingP mdf@tél 45 to

ori entati on and nunber varies dependl ng upon the type and depth of the

downhol e dePIsW tpowere fNsidlersli AOEL Froi tHE jeis dndUldiiové | d¥posits

characteristics of the power fluid, punping capacity of manifold 28, etc.
Pr ef er abl yEramrtdre ninsirdd difanste wrief orehbrasfulans 22 owzZ3 es Gueipairs
extrene | ower end. 13 55 to receive power fluid fromflow path 48, ‘Jet
nozzl es 6ffarketormazrles t2pra)kd2hAke machined snte 1932 barkgde 690 the
| ongt i udi ”qa:l:;z axi s, of Jinner mgndr are, machi ned, i n | ower eé‘nd

el 45. Sl.ots .69
55 to aid ﬂ%%&%ﬂp&ﬁ%ﬁ%ﬁ% ednih OkiRr And oriented to projec

power fluid essentially tangential to annular chamber 61 or at
a ninety deéree angle relative to both tﬁe diameter of noz:zle
Y, body 60 and the longitudinal axis of inner mandrel 45. Jet
nozzles 62a and 62b are oriented to cause power fluid ekiting
therefrom to rotate housing 50 and nozzle body 60 and thereby
significantly increase the removal of deposits from the inside

diameter of well tubulars adjacent thereto.

Fluid jet nozzles 63 extend through nozzle body 60 at
various angles relative to the longitudinal axis of inner
‘mandrel 45. The.orienfation and number of jet nozzles 63 ié_
selected to allow power fluid exiting from jéts 63 to remove
deposits from the inside diameter of well tubulars 22 or 23.
Their orientation and number varies depending upon the type and
depﬁh of the downhole deposit, the inside diameter of the well
tubular, flow characteristics of the power fluid, pumping
cépacity of manifold 28, etc. Preferably, inner mandrel 45

has one or more fluid jet nozzles 64 in its extreme lower end



A wide variety of commercially availabl e bearings could be used for bearing
.nmeahns 70, 71, and 72. Self-lubricating bearings nmade froma conposite "y
material consisting of a netal backup ring and a porous bronze | ayer '

i npregnated with pol ytetrafl uoroet hyl ene have been used satisfactorily.
Such bearings are available from Garlock Inc. Radial bearings 71 and 72 are
spaced longitudinally fromeach other betysen the exterior of inner mandrel
45 and the inside dianeter of housing 50. ¥orts 47 are di sposed between
radi al bearings 71 and 72. A set of three small grooves 49 are provided in
the exterior of inner mandrel 45 adjacent to each bearing 71 and 72
respectively. G ooves 49 cooperate with their respective bearing 71 or 72
to act ass® to urecoibvei powendflesdr fromuftiewi pathf B8i.d TeswnbrzahesnGdl ar
chanmber 51. Thrust bearing 70 is positioned between . the adjacent ends of
housi ng FAXearer benped topraiect npower pfbyidt esspptialiyr pasaddsd, &Pe&?'sy

14 Cper att SnF e DR L FFLE, oF T 1upgr-neRuF €3 b5t 1 SEokaLBP ARS BaRBLRARL: d
to ol ean {jg ARRE 4E 60 18 AEHDYR CREORLLEmbIPTbELh chHENE RpBhratus 40.

A wide variety of commercially available bearings could
be used for.bearinglmeans 70, 71, and 72. Self-lubricéting
bearings made from a édmposite material consisting of a metal :}
backup ring.and a porous bronze layer impregnated with
polytetrafluoroethyiene have been used satisfactorily. Such
bearings are available from Garlock Inc. Radial bearings 71

| and 72 are spaced lbngitudinally from each otﬁer between the
extérior of inner mandrel 45 and the inside diameter of housing
50. Ports 47 are disposed between radial bearings 71 and 72.
A set of three small grooves 49 are provided in the gxterior of
inner mandrel 45 adjacent to each bearing 71 and 72
respectively. Grooves 49 cooperate with their respective -

. | | | R
bearing 71 or 72 to act as a fluid barrier and restrict

undesired fluid flow from annular chamber 51. Thrust bearing
70 is positioned between the adjacent ends of housing 50 and
'adapter 41, Bearing 70 prevents thrust forces generated by

power fluid exiting nozzle body 60 from restricting rotation of

housing 50.-



flow cahductor 23 after cleaning apparatus 40 was being inserted therein.
Reel ed tbing i njector 25 is used to position cleaning apparatus 40 at the
desired location in the flow conductor. Power fluid is supplied to flow
path 48 from manifold 28 via coil tubing 26. A small anmount of power fluid
Is projected directly fromflow path 48 via jet nozzles 64 to initially
breakup any deposits bel ow cl eani ng appar at 40. Most of the power fluid
supplied to flow path 48 is directed to annular chanmber 61 via radial ports
47 and | ongi tudi nal openings 52. A portion of the power fluid exits from
jet nozzles 62a and 62b to cause rotation of housing 50 and nozzl e body 60

relative tq)iﬂggg ggqggﬁ!eége The major portion of the power fluid exits
fromjet n undesi red downhol e deposits. Figure 1 shows
tubing 23 with an outside dianeter only slightly smaller than the inside
di aneter of casing 22. For many well conpletions, there may be a

substantial differignnee in shswsitre Ay s ten dbonhalpp Meing fpowe € oftwd of 6 .
Nozzl e body 60 can be selected to have jet nozzles 63 optimzed to clean
the rel ati wileamsing |lapperaibusli 4heterraniove tdepasi t priwhm twedkl ttubwkastor ng
or optimzed to clean the relatively large inside dianeter of a typica
casi ng strifl@w mendyshani3 aftanhiGkpaning apparatus 40 was being
inserted therein. Reeled tubing injector 25 is used to
position cleaning apparatus 40 at the desired location in the
k/ flow conductor. Power fluid is supplied to flow path 48 from
manifold 28 via coil tubing 26. A small amount of power fluid
is projectéd directly from flow path 48 via jet nozzles 64 to
initially breakup any deposits below cleaning apparatus 40.
‘Most of the power fluid supplied to flow path 48 is directed to .
annular chamber 61 via radial ports 47 and longitudinal
openings 52. A portion of the power fluid exits from jet

nozzles 62a and 62b to cause rotation of hoﬁsing S0 and nozzle
body 60 relative to inner mandrel 45. The major portion of the
power fluid exits from jet nozzles 63 to remove undesired

downhole deposits.

Figure 1 shows tubing 23 with an outside diameter only
slightly smaller than the inside diameter of casing 22. For
many well completions, there may be a substantial difference in

the size of the downhole well flow conductors. Nozzle body 60



of the present invention is the abil-ity to i nsert a work string and -
cl eaning apparatus 40 with relatively small- outside dianeters through -~

<y

tubing 23 to clean the relatively larger inside dianmeter of casing 22 beloﬁ/  .

“the I ower end (not shown) of tubing 23. The speed of rotation of nozzle
body 60 is a function of the size of jet ngzzles 62a and 62b, fluid flow
rate through flow path 48, the type of p fluid, downhole well fluids,
and the characteristics of bearing nmeans 70, 71, and 72. Power fluid

di scharged from cl eaning apparatus 40 i's returned to the well surface via
val ves 29 or 30. Spent power fluid is used to renove the deposits fromthe
wel | -bore. For sone well conditions nitrogen gas may be m xed with the
power flucantbei seleatedi te hbwki jett nozzlesdé3r ioptimimednd onvellleanorthe

Al ternative Embodiment An alternative fluid jet cleaning apparatus 140.is
shown rﬁlttgﬁﬁéy6smakaa§ﬂéﬂdsldﬁayeserugéﬁat@yaﬂpadhp@pé&ﬁﬁﬁ@naﬁpawauhs

140 to th r end of coil, tubi 26. . Fluid jet cleaning apparatus 140
i ncl udes %%%gﬁgfOFhgpg;ﬂézsgn%Bngﬂggnaghfl5§ﬂPhév§35a3§f§g A@sidgch
conponent ] e,gl ye .$a ; ' designat.i { l.gai N9
appar at st 3EhetePaf’ ¥CEybReARCRRSHETLYFIng T IpBR Chifi HRbyatlead D
path 48 t®f the present invention is the ability to insert a work string

and cleaning apparatus 40 with relatively small outside

diameters through tubing 23 to clean the relatively larger

inside diameter of casing 22 be;oﬁ the lower end (not shown) of v

tubing 23.

The speed of rotation of nozzle body 60 ié a function of.
the size of jet nozzles 62a and 62b, fluid flow rate throdgh
. flow path 48, thé.tYpe of ﬁower fluid, downhole well fluids,
and the characteristics of beéring means 70, 71, and 72. Power -
 fluid discharged from cleaning apparatus 40 is returned to the
well surface via valves 29 or 30. Spent powér fluid is used to
remove the'depdsits from the well bore. For somelwell- -
conditions nitrogen gas may be mixed with the power fluid to N

increase its ability to lift debris from the well bore.

-

Alternative Embodiment

An alternative fluid jet cleaning apparatus 140 is shown



annul ar" chanber 61 in the sane manner as descri bed for cleaning apparatus
40. -Powgtr fluid exits fromjet nozzles 62a and 62b, to rotate housing 50
and nodi fied nozzle body 160. |Inner mandrel 145 has been nodified as
conpared to'cl eaning apparatus 40 to provided flow tube 146 extending

t hrough. | ower end 155. Most of the power fluid in flow path 48 exits

t hrough flow tube 146 as conpared to jet nz&sles 62a and 62b. For downhol e
deposits requiri'ng increased rotation forc o clean, extra tangential jet
nozzl es 62c, 62d, etc. (not- shown) may be added. Also, fluid exiting from
flow tube 146 may be restricted by an orifice or choke (not shown). Bearing

nmeans 70, 71 nd 72, 1 ocated on jnner. mandrel , 145 and hearjng peans 173
| ocat ed on ¥ &3 &% Gue AHAREST o‘lgt'\'%% ity &bt %%@%ody 160

Varous: medRR I IE G o0 he NSRF FREGR Fadbariiiile 6 SRl e
180 15t cadath il righerd UL 60k 11 7 B 16 Wl b S L 81

projecting therefrom = Flow tube 146 and hollow shaft 181 are preferrably
al i gned wi tdl eadngtappartatul 1400 PSWth fddnpbdmys Wik etby qidten lié Gsime

sizes and types of nechanical cleaning tools can be attached to hol | ow

shaft 181 aemesdperidides iignationsifor dottha bedning apparatuct o) aamtd 140.

. Power fluid flows from coil tubing 26 through flow path 48 to
annular chamber 61 in the same manner as described for cleaning
apparatus 40. Power fluid exits from jet nozzles 62a and 62b
to rotate housing S0 and modified nozzle body 160. Inner
mandrel 145 has been modified as compared to cleaning apparatus
40 to provided flow.tube 146 extending through lower end 155.
Most of the power fluid in flow path 48 exits through flow tube
146 as compared to jet nozzles 62a and 62b. For downhole

-'deposits requiring.increased rotation force to clean, extra
tangential Jet nozzles 62c, 62d, etc. (not shown) may be
‘added. Also, fluid exiting from flow tube 146 may be
restricted by an orifice or choke (not shown).. Bearing mééns -

70, 71, and 72, located on inner mandrel 145 and bearing means

173 located on flow tube 146 allow rotation of housing 50 and

nozzle body 160 relative to inner mandrel 145.

Nozzle body 160 includes means for attaching various

mechanical cleading tools to cleaning apparatus 140. Connector



the type of deposit to be cleaned. €& edning tool 190 is shown in Figure. 7.
.Radially drilled holes 168 are provided in nozzle body 160 to allow a Su?
‘limted anount of power fluid to flow past bearing nmeans 72 for .cooling

- purposes. For deposits such as sand bridge (not shown) which conpletely

bl ock tubing string 23, cleaning tool 190 is preferably used. The exterior
of cleaning tool 190 has serrations 195 to nove deposits fromthe
interior of well flow conductors. The effik'ency of serrations 195 is
greatly increased by having power fluid fromflow passageway 48 exit
drilled opening 196 and flow upwardly therepast. The power fluid flow path
of fluid jet cleaning apparatus assenbly 140 optim zes both the rotational

effect of 19 riad itHcealfd afited Nehe | {dvéP Qﬁd'095ﬁ89919999§}t§GQYW§Eﬁnt_
power fluid to the well surface. Cl eani ng apparatus 140 wi th nmechani cal
cl eani ng thadld®Ghaftctil meojdet irngectieerefitomt ubFhgwstubegl26 andcont act
a sand bridge. Power fluid exiting fromjets 62a and 62b will rotate :

‘housi ng 5&0 |shafddyl Slo RreyRr ef errably tabigned with eachtpbheps to

T o TR B A B BPSRRS, 08 Kot SLEES SR IR,
assi st “‘%ﬂlﬂégﬂékical cleaning tools can be attached to hollow shaft
181 cdrrésponding to the'sizé of the well flow conductorfahd
the type of deposit to be cleaned. Cleaning tool 190 is shown
in Figure 7. Radially drilled holes 168 are provided ‘in nozzle

body 160 to allow a limited amount of power fluid to flow past

bearing means 72 for cooling purposes.

For deposits such as sand bridge (not 5hown) which
completely block tubing string 23, cleaning tool 190 is
preferably used. The exterior of cleaning tool 190 has
serrations 195 to remove deposits from the interior of well
flow conductors. The efficiency of serrations 195 is greatly
increased by having power fluid from flow passageway 48 exit \\;)
drilled opéning 196 and flow upwardly therepast. The power
fluid flow path of fluid jet cleaning apparatus assembly 140
optimizes both the rotational effect of serrations 195 and the
lifting of loosened deposits by spent power fluid to the_well

surface.

Q}I



t he sahd-.and other debris to the well surface. Thus, the present invention
can be ke&adily adapted for hydraulic or nechanical drilling of downhol e
deposits. The previous description is illustrative of only some enbodi nents
of the present invention. Those skilled in the art will readily see other
variations and nodifications wthout departing fromthe scope of the

I nventi on. 19 CLAI M. 1. A system fgr cleaning the inside

di aneter of well tubulars conprising: a. rk string disposed within
the well 5  tubular; b. means for longitudinally noving the work string
within the well tubular; c. means for supplying power fluid to the work
string; 10 d. fluid jet cleaning apparatus attached to the
end of the work iyddidn t

apparatus having an 1 nn 4H#hﬁ{§h%ﬁiﬁ%LHgghg@gFﬁ?Biggﬁﬁéﬁﬁévﬁ%ﬁg.in 10

to the worktghchdd can be lowered into tubing string 23 to contact a sand
bridge. Power fluid exiting from jets 62a an&'62b will rotate
housing 50, nozzle body 160, and cleaning tool 190. The
rotation of serrations 195 and poWer{fluid exiting opening 196
will break'up and lift the debris. Additional spent power

fluid from jets 62a and 62b will further assist with lifting

the samd and other debris to the well surface. Thus, the

- present invention can be readily adapted'for hydraulic or
mechanical drilling of downhole deposits.

The previous description is illustrative'of only some
embodiments of the present invention. Those skilled in the
art will readily see other variations and modifications without
departing from the scope of the invention.
"u



15 f. a housing rotatably carried on the exterior of the -

inner mandrel; g. a fluid flow path fromthe work string to the housiytg ,
via the inner mandrel; h. a nozzle body attached to the housi,ng to be 20

concentric with the inner mandrel and in fluid comunication with the
housing; i. -~ a pair of jet nozzles machined into the nozzle body

di anetrically opposite fromeach other arl@oriented to project power fluid
essentially tangential to 25 t he nozzl e body whereby power fluid exiting
fromthe paigLaxMget nozzles will cause rotation of the housing and the
nozzl e body to renove deposits fromthe inside dianeter of

1111112111211221122112121112111211 © 20 the well tubular; and j. the
| ongi tudi nal noving means conprising a coil tubing |njector 2. The
system as déﬁlned||ﬁ(ﬁéﬁYﬁQ?WW£9%|%#?¢E4%H tb%mkﬂsiﬁﬁlélémﬁﬁﬁy ﬁiaW@ll
conprises: a. ‘the work strin and b. = a source of power fluid at the
wel | Surfacgubulars comprising - _ :

a. - a work string disposed within the well

5 tubular;
b. means for longitudinally moving the work

string within the well tubular;

c. means for supplying power fluid to the work

string:; | | .
10 d. . fluid jet cléaning apparatus attached to the
end of the work string within the well tubular;

e. the jet cleaninQ apparatus having an inner
mandrel and an adapter to connect the apparatus to the work
string; |

15 B a housing rotatably carriéd on the exterior
of the inner mandrel;

g-. a fluid flow path from the work string t6
the housing via the inner mandrel;

h. a nozzle body attached to the housing to be

20 concentric with the inner mandrel and in fluid
communication with the housing:’ - -

i. a pair of jet nozzles'machined into the.
nozzle body diametrically opposite from eaéh other and
oriented to project power fluid essentially tangential to

25 the nozzle body whereby power fluid exiting from the pair
of jet nozzles will cause rotation of the hbusing and the

nozzle body to remove deposits from the inside diameter of

T o* (3 L. M § *

J
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3. - A systemas defined in claim1 or- claim2 further conprising
bearj ny._eans di sposed between the inner mandrel 10 and the housing. 4.

A system as defined in claim3 wherein the bearing nmeans further conprises:
a. a radiral bearing between the housing and the inner mandrel to -aid
rotation of the housing relative 15 thereto; and b. a thrust bearing

bet ween the housing and the adapter to pregg€mwt thrust forces generated by
power fluid exiting the nozzle body fromrestricting rotation of the

housi ng. 20 the well tubflaySteamgas defined in any one of the preceding
clainms wherein the inner. mandrel further conprises: a. a | ongi t udi nal
bore conprising a portign of thee lbhgtpdtinaflomoydwgr melamsd dompixhies ingus ng;
and b. one or nore fluid jets in the extrene lower 1111111111111111111111
21 end of thecPhheitubdndr dnjestalrl-ow power fluid to exit therefrom 6.

A system as defined in claim5 wherein said one

2. The system as defined in claim 1 wherein the

5 power fluid supply means comprises:

a. the work string:; and
b. a source of power fluid at the well surface.
W,
3. A system as defined in claim 1 or claim 2 further
~comprising bearing means disposed between the inner mandrel
10 and the housing.
4. A system as defined in claim 3.whefein the
bearing means further comprises:
a. a radial bearing bétween the housing and
the inner mandrel to aid rotation of the housing relativg
15 thereto; and
e b. a thrust bearing between the housing and the

adapter to preVent thrust forces generated by power fluid
exiting the nozzle body from restricting rotation of the

housing.'

20 5. A system as defined in any one of the preceding
‘claims wherein the inner mandrel further'comprises:
a. a longitudinal bore cpmprising a portion of
the flow path for power fluid to the housing; and

b. one or more fluid jets in the extreme lower

* c L N S *




or nore of the fluid jets in the extreme |ower end of the 5 i nner nmandr el
project power fluid essentially parallel to the l|ongitudinal axis of tpe .
inner mandrel. 7. A system as defined in any one of the,preceding .
clains wherein the nozzle body further conprises neans for attaching a
mechani cal cl eaning tool whereby rotation of 10 the housing and the

nozzl e body results in rotation of the chganing tool. 8. : A system as
defined in any one of the preceding clai ‘wherein the nozzle body further
conprises a plurali of fluid jets extendi ng therethrough_at various 15
angl es rel afe Yo Tie 1 BYHi t"l?dﬁf i a8 & OV?rFéo“Yerﬁle ‘r‘r’a‘%d?%l e’l‘b{:al | ow

power fluidy f%@ dromthe jets to renove deposits fromthe inside

di amet er of e welT tubular. 9. A fluid jet cleaning apparatus for
cleaning the 20 inside dianeter of well tubulars conprising: a. an‘inner
mandrel and an adapter to connect the cleaning apparatus to a work string;

b. a housigng rot at al wyeAldn et AetiieEXier¢XMimfs titer e saBA06RE ;
111111211111211112112111121171112111111

or more of the fluid jets in the extreme lower end of the

5 inner mandrel project power fluid essentially parallel to

the longitudinal axis of the inner mandrel.

~

7. A system as defined in an& one of the preceding ot
claims wherein the nozzlé body -further comprises means for
attaching a mechénical dleaning tool whereby rotation.of

10 the housing and the nozzle body fesults'in rotation of the

cleaning tool.

8. A system as defined in any one of the preééding
claims wherein the nozzle body further comprises a
plurality of fluid jets extending therethrough at various
15 angles relative to the longitudinal axis of the inner
mandrel to allow power fluid to exit from the jets to
remove deposits from the inside diameter of thé.well

tdbular.

9. A fluid jet cleaning apparatus for cleaning the
20 inside diameter of well tubulars comprising: |
a. an inner mandrel and an adapter to connect
the cleaning apparatus to a work string:;
b. a housing rotatably carried on the exterior

of the inner mandrel:;

* ¢ L M s x



22. c. a fluid flow path fromthe work stering to the housing via the:
i nner ‘nandrel ; d. a nozzl e body. attached to the housing to be concentric
mth the inner mandrel and in fluid 5 comunication with the housing; and
e. a pair of jet nozzles machined into the nozzle body dianetrically
opposite fromeach other and oriented to project power fluid at
substantially a ninety degree angle and of2s&t relative to the | ongitudinal
axis 10 of the inner mandrel whereby power fluid exiting fromthe pair of
jet nozzles will cause eotataoplaidt Beohopathgfaon the wozkl sthacdy o
renove deposits fromthe inside dianeter of the well tubular; f. the flow
pat h conpri si blge ahphaingi vyaofthesinngor ngndxeéndi ng radi al ly through the
i nner mandrel to allow fluid communication with the housing; and g. t he
housi ng di sposed on t hedext ei BPzatet hedynpErashnadr &P Fbecgvéﬁiﬂﬁetsobﬁs
and form an annul ar chanber to receive power fluid fromthe flow path. 20
10. FI (FAFRRtELICaRI R ERPat BREE 5@“3@?%n€ﬁdiﬁncFéPﬁp9 further
conpri si t he Iurali%¥ of ;%%ig %e%s near .the.lower end of the nozzle
body whergby TOMEYTHRAEFOTHE R 5P BIUF BP6d828s hydraulic drilling
action. 11. Fluidgjet glganingsapoerabys18s Askhifdal Intbaihe
nozzle body diametrically opposite from each other and
oriented to project power fluid at substantially a ninety

degree angle and offset relative to the longitudinal axis

w
10 of the inner mandrel whereby power fluid exiting from the
pair of jet nozzles will cause rotation of the housing and
the nozzle body to remove deposits from the inside diameter
of the well tubular:
f. the flow path comprising a plurality of
15 ports extending radially through the inner mandrel to allow
fluid communication with the housing; and
g. the housing disposed on the exterior of tbe
inner mandrel to cover the ports and form an annular
U

chamber to receive power fluid from the flow path.

20 10. Fluid jet cleaning apparatus as defined in claim
9 fufther comprising the plurality of fluid jets near the
lower end of the nozzle body whereby rotation of the nozzle
body_broduces hydraulic drilling action.

11. Fluid jet cleaning apparatus as defined in claim

25 9 or claim 10 further comprising means for attaching a.

mechanical cleaning tool to the nozzle body whereby

[T .




25 9 or claim10 further conprising nmeans fdr éttaching a mechani cal._. .
cleaning tool to the nozzle body whereby 111111 11111 111111 * CL Mg™
23 rotation of the housing and the nozzle body results in rotation of the

mechani cal cleaning tool. 12. A fluid jet cleaning apparatus:
constructed and arranged for use and operation substantially as described 5
herein with reference to the acconpanyin aw ngs. 13. A net hod of
cl eaning the inside dianeter of well tub S with rotating nozzl es

substanti al | ¥, 858+ 48RCH PN AL ngl AL HEI WAL AL LEE b ks C

L M S
rotation of the mechanical cleaning tool.

12. A fluid jet cleaning apparatus constructed and
arranged for use_and operationiéubstantially as described

S herein with reference to the accompanying drawings.

13. A method of cleaning the inside diameter of well
tubulars with fotating nozzles substantially as described ;)
herein.

[T



