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. 2256887 WELL'CLEANING SYSTEM Thi s i nventi on

relates to the servicing of wells by use of small dianeter \Mzzsp?
nore particularly to renoval of scale and other downhol e depo

i nsi de di aneter of -well tubuFars. It has been conmon practice for
years to run a continuous reel ed pipe (known extensively in the |ndustry as

"coil

tubing") into a well to performoperations utilizing the circul ation

of treating and cl eanout fEHiEs ﬁﬁg@lgé g@%ggl oil, acid, corrosion
inhibitors, hot oil, nitr : t ubi ng, being conti nuous
rather .than jointed, is run into and out of a well wth continuous novenent
of the tubing through a coil tubing injector. Coil tubing is frequently
used to circulate cleanout fluids through a well for the purpose of

elimnating sand bridges, scale, and siml|ar downhol e obstructions. Oten

[err]

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

s

This 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

of well tubulars. ' C?

It has been commoﬁ practice for many years to run a
continuous reeled pipe (known extensively in the industry as
"coil tubing") into a well to perform operations utilizing the
circulation of treating and cleanout fluids such as water, qil,
écid, corrosion inhibitors, hot oil, nitrogen, foam, etc. Coil
tubing, being continuous.rather than jointed, is run into and
out of a well with coﬁtinuous movement of .the tubing through a

coil tubing .injector.

Coil iubing is frequently used to circulate cleanout

fluids through a well for the purpose of eliminating sand

bridges, scale, and similar downhole obstructions. Often s::h



but devel op insufficient torque for many jobs. O her devices have been used
to, attenpi. rénmoval of foreign material fromthe interior of well tubulars.
These wef] .tubulars vary fromunperforated and perforated pipe, |arge

di anet er ctasi ng, produetion tubing, ~add-sl otted or wire-w apped wel |

liners. Well tubulars often becones plugged or coated with corrosion
products, sedinents and hydrocarbon deposits. The deposits may consi st of
silicates, sul phates, sul phides, carbonates, calcium and organic grow h.

It is desirable to performdrilling type operations in wells through use of
coi | tubi ngbshrabtéensbareuneirpt aifdfdcuemoyad BEQ@gidMﬂﬂlfﬂﬂmHQ?$iﬁle to

addition to performng the usual operations which require only the

circul ati onempveé| bedausthefsshe ippbslatywebl reentiecithe cailaltambiigg and

performed with various small diameter work strings. The present invention

may be usedrid}hoyticRuGBr Rbstrragionnd i Sunbo-tiypet dd itld schialvet tidemy.usat

exanple, a work string consisting of one inch (25.4 mm jointed pipe may be

i nsert thrwghdaveheri hepuf E0C8enk) tprauactponmenki igbstri Afher devizes
have been used to attempt removal of foreign material from the
interior of well tubulars. These well tubulars vary from
unperforated and perforated pipe, large diameter casing,
production tubing, and slotted or wire-wrapped well liners.

K/ 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 iﬂ
wells through use of coil tubing which can be run into and
removed from a well quickly in addition to performing the usual
operations 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 ym) jointed
pipe may be insert through a two inch (50.8 mm) production

tubing string to



hydraulically clean the inside dianmeter of five inch (127 mj, casi ng bel ow
the end of the tubing string. U S. Patent 3,285,485 which issued:to Danon
*T. Slator on Novenber 15, 1966, discloses a device for handling tubifng and -« .
the like. This device is capable of injecting reeled tubing into a W |

t hrough suitable seal neans, such @& -a bl owout preventer or stripper, and
is currently coimmonly known as a coil tubing injector. U S. Patent
3,313,346 issued April 11, 1967 to Robert V. Cross and di scl oses nethods
and apparatus for working in a well using coil tubing. U S. Patent

3, 559, 99?4\9’%@%@&%@1%%.#@%@&%&’@'&/%&%&@{u@r ¥néh %9%% dn3c! oses

an i nproved coil tubing injector. H gh pressure fluid jet systens have been

used fokaZBRY BRALY &aer%ano&h%hbn%b%&n@l@%&&%B.Of wel | tubulars. Exanples
"of such systens are disclosed in the fol l"owi ng S. 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 Qut si de
the oil and gHs SndPstent t3yl2i8sg 48 Seavidrch hiaasudibetrn Usentod OT . ndbytyeaos to
remove scal e and ot her deposits
November 15, 1966, discloses a device for handling 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. Patent 3,313,346 issued April 11, W/
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
years'to clean the inside diameter of well tubulars. Examples

of such systems are disclosed in the following U. S. 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



fromthe inside dianeter of tubes used in heat exchangers, steam boilers,
condensers,, etc. Such deposits may consist of silicates, sul phates,

sul phi desg carbonates, cal cium and organic growth. Wre brushes, scrapers,
scratcherd and cutters:of various designs were anong the first tools used
to try to renmove unwanted deposits. Sode-of these tools did not reach into
the slots or perforations. Those with wires or feelers thin enough to enter .
the slot or perforation were often too thin to provide nuch cleaning force.
Several types of washing tools are avail abl e which use pressurized jets of

fluid in an attermitépdé“§ﬂ@dﬁﬁluﬂﬁ&5g£§duﬁ@&§ffﬁ| Eﬁemge&hesﬂg%ahaveThe

devel opment of jet cleaning has advanced from | ow vel oci use I n

cl eani ng arkeaciuked nfot anawy apeyes Pod t f €heBe SSISPRAILA | athehde pssuse
fluids. Abrasives are used for cleaning flow conductors, but with results
| ess than ffawor diie isicde tdimdé ver cofiduchos sused sonkeéa tresxehadgdral ong
with the foreign material plugging or coating the flow conductors. -5-
U.S. Patentstea?hoilers sctasbsnsenechetd cal Sych deposits may consist of

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 perforation were often too
thin to provide much cleaning force. Several types of washing
tools are available whicﬁ use pressurized jets of fluid in an
attempt to dislodge undesired material from well ﬁubulars. The:
development of jet cleaning has advanced from low velocity for
| use in cleaning and acidizing to abrasive partic1e§ suspended
\~/ in high pressure fluids. Abrasives are used for cleaning flow
conductors, but with résults less than favorable since the flow
conductors are sometimes eroded along with the foreign material

'plugging or coating the flow conductors.



I ndexed cl eani ng tool. U S. Patent 4,705,107, discloses the,use of boiler
type cl eaning equi pnent to clean well tubulars downhole. U S. Patent.
4,781, 250 di scloses a cleaning tool indexed by fluid pressure changées: v
Devel opnent of apparatus fromthese patents led to the present i nveRw on.
According to the present invention, there is provided a systemfor cleaning
the inside dianmeter of well tubulars comrising a work string di sposed

wi thi-n the well tubular, nmeans for |longitudinally noving the work string
within the well tubular, fluid jet cleaning apparatus attached to the

t d of t tri 14y th |1 tubul : f |
pover 11ud to {REST R D Brr R S ASHITCARY nozzl 6 bidy
r ot at abl lyi d jet ¢l | | | et
rotatably abiaghel digddied luidl ) ot (ISP AYN0F, REl LoBleds

nozzl es machi ned |1 nto ozzle bo di ametrica rom each

other and qiHeeRicRd de0 HIAaCteyRRRI1 ddrbirshy QSRS KRS Yed A00EAR I b1 10 1t he

nozzl e body whereby power fluid exiting fromthe jet nozzles will cause

rotati on ofeudhia drelsiduhisie t hay 7z decdioly 1781 280 ed fePrssds 4rom t he
i nside dianmeter of the well tubular, and the nozzle body further conprises

a pluralitylefarfing dgodt sireld:antlibng flherdigrensiratclanges. rel ative to a
| ongi tudi nal axis. of the apparatus to all ow

Development of apparatus from these patents led to the

present invention.

According to the présent invention, there is provided

a system for cleaning the inside diameter of well tubulars Ku)
comprising a work string disposed within the well tubular,
means for longitudinally moving the work string within the
well tubular, fluid jet cleaning apparatus attached to the
extreme end of the work string within the well tubular,
means for supplyiﬁg power fluid to the fluid jet cleaning
apparatus, a housing and nozzle body rotatably attached to
the fluid jet cleaning apparatus, a pair of jet nozzles
machined into the nozzle body diametrically oppoéite from
each other and oriented to project power fluid essentially \4/
tangential to the nozzle body whereby power fluid exiting
from the jét nozzles will éause rotation of the hdusing and
the nozzle body to remove déposits from the inside diameter
of the well tubular, and the nozzle body further comprises
a plurality of fluid jets extending therethrough at angles
relative to a longitudinal axis of the apparatus to allow
power fluid to exit from the jets to remove deposits from

the inside diameter of the well tubular.

The invention may also provide fluid jet cleaning



4 . . .

power fluid to exit fromthe jets to renove deposits fromthe inside
dianeter of the well tubular. The invention may al so provide fluid jet
cd'eaning. 7 -6- systens wirth stationary and rotating jet nozzles. C eaning
system a&ording to the invention nay be provided with jet nozzles conbined
wi th a nechanical cleaning tool to renpve all types of downhol e deposits.
Addi tional objects and advantages of the pﬁesent i nvention will be readily
“apparent to those skilled in the art after studying the witten description
in conjunction with the drawi ngs and clains. This application is a

di vi si onal apglgggéiggﬁggrgﬁﬁgggzggg.%nhnr@@é%ga%gﬁg§agggg&gg-ngs are used

toillustrate 4 Syt I'eani ng~t he i nsi de ter wel'l, the system
conprising a fluid igkafliggnisPeraRPacabaingvicBd AR iRdehtiBRdmal bar

carrying a rotatabl e housing and a concentric nozzle body attached to the
‘housing. In theodhiaedngs thFljedRRckzlesa comberall widhaw mgcpanticalll y in
cleaning tool to remove all.tfpea of downhole deposits.
Additional objects and advantages of the preaent
invention will be readily apparent to those skilled in the
art after studying the written description in conjunction
with the drawings and claims. | This application is a
\4; : divisional application of GB 8927586.1 in which the same
drawings are used to illustrate a system for cleaning the
inside diameter of well, tha system comprising a fluid jet
cleaning apparatus having an innef mandrel for carrying a
rotatable housing and a concentric nozzle body attached to
the housing.
In the drawings:
FIGURE 1.is a schematic drawing partially in
elevation and partially in section with portions broken
\ away showing a coil tubing unit and fluid jet cleaning
apparatus removing deposits from the inside diameter of a

well tubular.



elevation and partially in section with portions broken away show ng a coi
tubing unit and fluid jet cleaning apparatus renoving deposits fromthe
i nside dianmeter of a well tubular. -7- FIGURE 2 is an enl arged draw ng
partially in section and partially in elevation showing the fluid jew
cl eani ng apparatus of Figure 1. FIGURE 3 is a drawing in end view from
bel ow of Figure 2. FIGURE 4 is a drawmng in section taken along |ine 4-4 of
Figure 2. FIGURE 5 is a drawi ng in settion taken along line 5-5 of Figure
2. FIGURE 6 is a schematic drawing partially in elevation and partially in
section show ng a nechani cal cleaning tool attached to the
fluid jet cleaning apparatus.

FIGURE 2 is an enlarged drawing partially in section

and partially in-elevation'showing the fluid jet cleaning

apparatus of Eigure 1.

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 \J

Figure 2.

' FIGURE 5 is a drawing in section taken along line 5-5 of

Figure 2.

FIGURE 6 is a schematic drawing partially in elevation
and partially in section showing a mechanical cleaning tool

attached to the fluid jet cleaning apparatus, =



-8- In Figure 1 well 20 extends fromwel I'head 21 to an under gr ound
hydr ocarbon or fluid producing formation (not shown). Well 20 is defined in
part by gasing string 22 with production tubing string 23 disposed therein.
This enbd®i ment will be described with respect to tubing string 23.
However, the present invention can he gised with other types of well
tubul ars or flow conductors including liners and well screens. Al so, the
present invention is not limted to maintenance of oil and gas wells.
During the production of formation fluids, various types of deposits may
accunmul 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 particularly useful for renmoval of deposits found in
geot hermal and ai IIs u tis or|I eppve ot her
types of deposi'ffg1 ds%‘?fgelc)’o i(:)lﬁaefx 4 (Wc E‘E%% n%{] Pnj ect or
25 can be Rt il Hd bt ok o' d1did! ﬂ%ﬁci’\?ékféxtrﬁéf'gon (not
shown). Well 20 is defined in part by casing string 22 with
production tubing string 23 disposed therein. This embodiment
will be aescribed with respect to tubing string 23. However,

the present invention can be used with other types of well

~ tubulars or flow conductors including liners and well screens.
Also, the present invention is not limited.to maintenance of
oil and gés wells.

-During the production of formation fluids, various types
of'deposits may accumulate on the inside diameter of the well
tubulars or flow conductors. Examples of soft deposits are
clay, paraffin, and sand. Examples of hard deposits are

. silicates,.sulphates, sulphides, carbonates and calcium. The
\*j present invention is particularly useful for removal of

deposits 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



-9- 26 fromreel 27 is inserted by injector 25 into bore 24 of tubing
string 23. Filter 39 and fluid.jet cleaning apparatus 40 are attached to
the lower end of coil tubing 26. Manifold 28 includes the necessary: ‘punps,
val ves; and fluid reservoirs to discharge hi gh pressure.cl eaning flun

(power fluid) into bore 24 via coil qtubing 26. Manifold 28 is connected to
reel 27 by power fluid supply |ine %4. Regul ating 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. Wl | head valve 31 is used

Efjlbfﬁgt d?i - ﬁgé‘gé?%'gﬂi‘ ﬁ?‘%pﬁﬁéﬁﬁsﬁs%‘zg EeR e e R TPt foen

t 25 |
o oraDi A8 5h i RE At T Kkt 3, Bl iR Y eSS LBaracus
four maj pp fgpggggkgsd é%d%wee&o%r e%ler ;f*%ql 13 rnele fing At amnaehbp&fang

50, and noz earing means 72 are | ocated on I nner

ronr ), 45 ARFEbUGY ekahcoBsthioyaue, uwdsiome e Sgiasive
cyli ”d“E@'d?QEHLkQQ Wigh beedisuydi Eibah&%@aﬁw {powererflinid) into
bore 24 via coil tubing 26. Manifold 28 is connected to reel
27 by power fluid supply line 34. Regulating valve or dump
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 use& to control vertical access
to and fluid communication with bore 24 of tubing string 23.

Blowout preventers 32 are normally installed between wellhead

21 and injector 25 to block fluid flow during emergency

conditions.

As best shown in Figure 2, cleaning apparatus 40 consists
of four major components -- adapter 41, inner mandfe1.45,
rotatable housing 50, and nozzle body 60. Bearing méans 70, 71 Luj_
and 72 are located on inner méndre1'45 to allow rotation of

hdusing 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

a



- 10 -'therethrough. Heavy duty t hr eads 43‘are formed wthin one end of
passageway 42 to connect wi'th the |ower end of filter 39 or directly onto

wlrk strigng 26 if filter 39 is not used. Threads 44 are fornmed in the
opposi te hd of passageway 42 to connect inner mandrel 45 therewith.

Longi tudi nal bore 46 extends at |east partially through inner mandrel 45
and is aligned to receive power fluid flow from passageway 42. A plurality
of ports 47 are nmachined radially through i nner mandrel 45 internedi ate the

ends thereof to allow fluid comruni cati on betweeen the interior and the
exterior of ¢ I ndn.el . i I h i communi cat es power
fluid from vvc})lreaggth??’#gh% ?%%&u&uﬁg ﬁ%%ﬁsucfég a\p,)%';és(s:é:fgréx{ﬁa “21]2‘?}“" ° . ¢ ?“d
| ongit udi Nab £bpad sagewdiyd 401tloS bt AW idh EIFMPwer! dit IPVE fiPfe ¥ 381 8
housi ng 50 to receive power fluid fromports 47. Aplurality o

| ongi t udi nallippenBilpgdnTd ot kpist\widgd eetived 1awtulza iGhargreruhdd andrpegLd &
body 60. WMatching threads 53 are used to attach nozzle body 60 to housing

50 to recei¥¢ hirei dogmeduiinCahieon ppositleoridt Wl BHAls sApRNaIIS DX o Newrmlect
body 60 has its own annul ar chanber 61 to receive power fluid from
| ongi t udi nainopeninagdre2. 45 pherawiith.of Longitudinal bore 46 extends at
| - least partially through inner mandrél 45 and is aligned to
receive power fluid flow from passageway 42. A plurality of
ports 47 are machined radially through inner mandrel 45
intermediate the ends thereof to allow fluid commuﬁication
‘betweeen the interior and the exterior of inner mandrel 45.
Fluid flow path 48 which communicates power fluid from work
string 26 to housing 50 includes passageway 42, longitudinal
bore 46, and ports 47. .Annular chamber 51 is provided within
housing S50 to receive power fluid from ports 47. A plurality
~of longitudinal openings 52 are provided between annular
chamber 51 and nozzle body 60. Matching threads 53 are used to

attach nozzle body 60.to housing 50 to receive'flgid_

\u/ communication from longitudinal openings 52.

Nozzle body 60 has its own annular chamber 61 to receive
power fluid from longitudinal openings S2. A plurality of

fluid jet nozzles extend through nozzle body 60 at various



fluid jet nozzles extend through nozzle body 60 at various .angl es
relative to the longitudinal axis of inner mandrel 45 to-allow power fluid
to exit fromthe jets and renove deposits fromthe inside dianmeter ef+well 4
tubulars 22 or 23. One pair of jet nozzles 62a and 62b are nmachi ned “¥it o
nozzl e body 60 dianetrically opposite fromeach other and oriented to
project power fluid essentially ténéénfial to annul ar chanber 61 or at a
"ninety degree angle relative to both the dianmeter of nozzle body 60 and the
| ongi-tudi nal axis of inner mandrel 45. Jet nozzles 62a and 62b are
oriented to cause power fluid exiting therefromto_rotate houain? ig and
5f1depo

nozzl e BBEYe60TLA@ tiNe: &9y g diongididnaindxeks L § i Rehoban §Pts

fromthe inside dianeter of wel| tubulars adjacent thereto. Fluid jet

nozzl esadloexpemert Kiltigh thoRNiE HFRP ddeat) a4t i NE LHMPES F8PAFI6R to the

| ongi tudi nal axi g of jnner mandrel. 45.. The .orjentajjon nugber of | et

nozzlesgﬁgmi§ﬂ§eﬂééﬂéﬁ %ﬂqQﬂﬁ[ﬂﬁmﬁe#H[thQ$&ﬁﬁ f?%ﬁ??Etsggg P%lfgnnve

deposits _fromthe i nsi di angt of wel |l t.ubu] ar nd

ori ent aPFoﬂeénB°ﬁﬁ|Jrﬁér_ & iaé'g’E_c?Z?er?d'iengﬂ‘a&psl&r{wtdréirf@%éé;{lﬁgde%?ﬁfoéot he

d°““h°'SiQEBQ%EEa1H9€ob%%é?%é“é?@ﬂ‘?&dﬁ ot'he el dd oriented to project
power fluid essentially tangential to annular chamber 61 or at

a ninety degree angle relative to both the diameter of nozzle

body 60 and the longitudinal axis of inner mandrel 45. Jet ‘

nozzles 62a and 62b are oriented to cause power fluid exiting

therefrom to rotate housing 50 and nozzle body 60 and theréby
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 orientation and number of jet nozzles 63 is
seIected_to allow power fluid exiting from jets 63 to remove .
deposits from the inside diameter of well tubulars 22 or 23. \,f
Their orientation and number varies depending upon the type and
depth of the downhole deposit, the inside diameter of the well
tubular, flow characteristics of the power fluid, pumping
capacity of manifold 28, etc. Preferably, inner mandrel 45

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



H]

tubul ar, flow characteristics of the'poher.fluid, punpi ng capacity of

nanlfold 28, etc. Preferably, inner mandrel 45 has one or nore fluid jet
nozzl es inits extreme [ower end - 12 - 55 to receive power fluid
fromfl )ath 48. Jet -nozzles 64 are oriented to project power fluid

essentlally paraIIeI to the longtiudingl, axis of inner nmandrel 45. Slots 69
are machined in‘lower end 55 to aid in the assenbly of cleaning apparatus
40. A wide variety of comercially avail abl e bearings could be used for
bearing means 70, 71, and 72. Self-lubricating bearings made from a
conposite materi al con5|st|ng of a netal backup ring and a porous bronze

| ayer irrprggz’nét%d'%Qh"?)cﬂ’%%lt r%fflll%rﬁ)’é@%yfb@u‘é pavh #8en {LGédnozzles 64
satisfactorig% Such b arln are avail ab éOﬂ]Gﬁrl ock_Inc.

bearings 72T (Ppﬁ?Qﬁ (ﬁ%?l?ﬁﬁpHQHﬁ?l 1?1 r%ﬁ?%&ﬁhaB%ﬁePaﬁéiﬁééntPhéhe
exterior d the in te hoysi SO, , Port,s
47 are di spos éﬁ\%baglh "’r’h‘osla b’é}ﬂq%d’ﬁa"fg %ﬁd?ge élggf g# ’éaEHﬁPFd
grooves 49 :.ar Vlg P Lext.e | d d acent

each beari &3‘ ﬁf‘?{;} rgesgptteogtllv‘fe(lv{ %eoo"’(/se%e’ﬁ ’62%% ‘Jr:g?ae ?é?%%f?wg 40.
respective .

A wide variety of commercially available bearings could
be used for'bearing means 70, 71, and 72. Self-lubricating
bearings made from a composite matefial consisting of a metal
backup ring and a porous bronze layer impregnated with
polytetrafluorcethylene have been used satisfactorily. Such
bearings are available from Garlock Inc. Radial bearings 71
and 72 are spaced longitudinally from each other between the
exterior of inner mandrel'45 and the inside diameter of housing
SO0. Ports 47 are disposed between radial 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. Grooves 49 codperate with their respective
" bearing 71 or 72 to act as a fluid barrier and restrict
undesired fluid flow from annular chamber Si. 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.



bearing 71 or 72 to act as a fluid barrier and restrict undesired fluid

fl ow from annul ar chanber 51. Thrust bearing 70 is posittoned between the
adj acent ends of housing 50 and adapter 41. Bearing 70 prevents thryst
forces generated by power fluid exiting nozzle body 60 f.romrestrictwfig
rotation of housing 50. - 13 - grating Sequence Figure 1 shows the
system for supplying power fluid to ¢l eaning apparatus 40 to renove
deposits fromwell tubular or flow conductor 23 after cleaning apparatus 40
was being inserted therein. Reeled tubing injector 25 is used to position
cl eani ng _apparatus 40 at the desired location in the flow conductor. Power
fluid i sORgEBLiag SequeREeath 48 from mani fold 28 via coil tubing 26. A

smal | amount of power fluid is projected directly fromflow path 48 via jet:
nozzles 64 to initially breakup any deposits beIOM/cIeaning appar at us 40.

Most of the po r f|UId d to flow path 48 is directed fo apnul ar
chanber 61 via &HF&I $P§% %§h§ﬂ§£ﬁﬂt rﬁﬂpﬂﬁﬁﬁﬂguﬁPﬂﬁf éﬁ t§dn of

the pomerILLgaggeéb%grLQ%glM% to remove deposits from well tubular or

flow conductor 23 after cleaning apparatus 40 was being

inserted therein. Reeled tubing injector 25 is used to

position cleaning apparatus 40 at the desired location in the
. flow conductor. Power fluid is supplied t§ flow'path_48 from |
manifold 28 via coil tubing 26. A small amount of power fluid

is projected 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.housing 50 and nozzle
body 60 relative to inner mandrel 45. The major portion of the
power fluid exits from jet nozzles 63 to remove undesired R
downhole déposits. \4/-

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 weil flow conductors. Nozzle body 60



[ . '
nozzl es 62a and 62b to cause rotation of housing 50 and' nozzle body 60 :
relative to i'nner nmandrel 45. The major portion of the'power fluid exits
ffomjet snpzzles 63 to renove undesired downhol e deposits. Figure 1 shows
tubi ng 23%i th an outside diameter only slightly smaller than the inside

di aneter of casing 22. For many wel |l <conpletions, there may be a
substantial difference in the size of the downhole well flow conductors.
Nozzl e body 60 - 14 - can be selected to have jet nozzles 63 optim zed
to clean the relatively small inside dianmeter of a typical production
tubing string or optimzed to clean the relatively |large inside dianmeter of

a typical casEmpestyélectédd taMd@nje@dyeri PEe 05 bPein{ £68Ntoi AYERAI PRe! S
the ability to insert a work string and cl eaning apparatus 40 with
relatively dgredldtiotelsr denall hniteide tdiamgtet ubf ng €ppicatl pasdibeion tubing
relatively larger inside dianmeter of casing 22 below the |ower end (not
shown) of t SHIAGQLPTr TR ghieeatl ofo rokean chofrabavl eehodlasge i snaidencti on
of the size of jet nozzles 62a and 62b, fluid flow rate through
diameter of a typical casing string. An important advantage
of 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
P " -inside diameter of casing 22 below the lower end (not shown) of

tubing 23.

The speed of rotation of nozzle body 60 is a function of
the size of jet nozzles 62a and 62b, fluid flow rate through
flow path 48, the type of power fluid, doﬁnhole well fluids,
and the characteristics of bearing means 70, 71, and 72. Power -

 fluid discharged from cleaning apparatus 40 is returned to the
well surface via valves 29 or 30. Spent power fluid is used to
remove the deposits from the well bore. For somelwell
conditions nitrogen gas may be mixed with the power fiuid to

increase its ability to lift debris from the well bore.



flow path 48, the type of power quia, domnhole wel | fluids, ahﬂ t he
characteristics of bearing neans 70, 71, and 72. Power fluid discharged

b7

frof cl eaning apparatus 40 is returned to the well surface via val vess29 or ,

30. Spent power fluid is used to renove the deposits frgmthe well Defe.
For some well conditions nitrogen gas may be m xed with the power fluid to
increase its ability to lift debris fron1§he wel | bore. 15 Fig. 6
illustrates a nodification in which nozzle body 160 includes neans for
attachi ng various nechanical cleaning tools to the cleaning apparatus.
Connect or 16 180 is threaded into the | ower end of nozzle body 160 with
hol'l ow shaft 181 projecting therefrom through which power fluid can flow
Various sizes and types of mechanical cleaning tools can be attached to
hol | ow shaft 181 corresponding to the size of the well flow conductor and

C

Fig. 6 illustrates a modification in which nozzle
body 160 includes means for attaching various mechanical

cleaning tools to the cleaning apparatus. Connector



the type of deposit to be cl eaned. Cleanlng tool 190 shown in Fig. 6 |s
preferably used for depositts such as sand bridges (not shown) whi ch

cgonpl atel'y. bl ock tubing string 23. The exterior of cleaning tool 190 has
serrati ome 195 to remve deposits fromthe interior of well flow
conductors. The efficiency of serrations 5 is greatly increased by having
power fluid fromflow passageway 48 exit drilled opening 196 and fl ow
upwardly therepast. The power fluid flow path optim zes both the rotational
effect of serrations 195 and the lifting of |oosened deposits by spent
power fluid tpghheswWehtesdédathto the lYowél eand ngf appazbé Usody#0160t with
nmechani cal cl eaning tool 190 attached can be | owered into tubing string 23
to contact a lsahtowrsdgét P8leprojectingi theygefrom | thxodgdh which2bover|
rotate housing 50, nozzle body 160, and cleaning tool 190. The rotation of
serrations 196laikd 9@nef1©WU|dVéRi@Vﬁgst%ﬂlﬁ@dlgﬁpﬂfl?fbmﬁﬁkaﬁbca%d lift
the debris. Additional spent power fluid fromjets. 62a ang f? w ll further
assist with I¢$?¢ﬂ§nghﬁoghﬁdcﬁﬂdb%tﬂEFaBE%¢|E°tB°}%%Wm%P? EutPlce. Thus,

the corresponding to the size of the well flow conductor and
the tybe of deposit to be cleaned. Cleaning tool 190 shown
in Fig. 6 is preferably used for .deposits such as sand
bridges (not shown) which completely block tubing string

W, 23. 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 opening 196 and flow upwa;dly therepast. The
power fluid flow path optimizes both the rotational effect
of serrations 195 and the lifting of loosened deposits by

spent power fluld to the well surface.



present invention can be readily adapted for hydraulic or nechani cal
drilling of downhol e deposits. The previous description ts illustrative of
only sonme enbodi nents of the present invention. Those skilled in th‘“grt i
will readily see other variations ard_nodifications w thout departirmg®from

t he scope of. the invention. 18 CLAI M5 1. - A systemfor cleaning

the inside dianeter of well tubulars conprising: a. a work string

di sposed within the well 5 tubular; b. means for |ongitudinally noving
the work string within the well tubular; c. fluid jet cleaning apparatus

attached to tOpegiihgMBppadatlist N&oWRL i hSeich@ niday 1t itduh Mel | daibui ¢4 10
d. means for supplying power fluid to the fluid jet cleaninhg apparatus;

e.  adotsdingd apsnnbezhewbedd fatat abbYngt kachieg 23 the dditiskd of gagani ng
apparanﬂihge.' Power fluid exiting from jets 62a and 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 sand and other debris to the well surface. -Thus, the

present invention can be readily adapted for hydraulic or o

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.



b . .

f. a pair of jet nozzles machined into the 15 nozzl e body dianetrically
opposite fromeach other and oriented to project power fluid essentially
ttangential, to the nozzl e body whereby power fluid exiting fromthe jet

nozzl es™wl | cause rotation of the housing and the nozzle body to renove
deposits fromthe inside diameter of the 20 well tubular; and g. a
nozzl e body further conprises a pluralityl®& fluid jets extending

t heret hrough at angles relative to a |longitudinal axis of the apparatus to
al | ow power fELREMBYH exit fromthe jets to renove deposits fromthe inside
25 dianeter of the well tubular. 2. A system as defined inclaiml
wherein the fluid 19 jet cleaning apparatus conprises: -a. an i nner

drel and dapt th tus to th K string. b,
'he housi ng 1 bt at abl y cAr PYSHSBntPRocbSanTag: BRpoFnatorna  FRREPE nRRAFERY C

a fluid flow pghl LEOMBREYBEKgSt T i ng to

a. a work string disposed within the well
5 tubular:
b. means for longitudinally moving the work

string within the well tubular;

_ C. fluid jet cleaning apparatus attached to the
-/ extreme end of the work string within the well tubulér;
10 ' d. means for supplying power fluid to the fluid

jet cleaning apparatus;
e. a housing and nozzle body rotatably attached
to the fluid jet cleaning apparatus:;
| £. a pair of jet nozzles machined into the
15 nozzle body diametrically opposite from each other and
oriented to project power fluid essentially tangential to-
the ndzzle body whereby power fluid exiting from the jet
\,J nézzles will cause rotation of the housing and the nozzle
bédy to remove deposits from the inside diameter of the
20 well tubular; and
g. a nozzle body further comprises a plurality
of fluid jets’extending therethrough at angles relative to
a longitudinal axis of the apparatus to allow power fluid
to exit from the jets fo remove deposits from the inside

25 diameter of the well tubular.

2. A syétem as defined in claim 1 wherein the fluid

L




the housing via the inner mandrel; and d.
housing and in fluid comunication therewith. 10 3. - A system as
defined in claim2 wherein the inner mandrel further:conprises one or ~nor e
fluid jets in the extreme | ower end of the inner mandrel, projecting\pd

fluid Zssentially parallel to the Iongitﬁginal axi s of the inner mandrel

15

cl eani ng tog

the nozzle body attached to the

wer -

A system as defined inany one of the preceding clains

wherein the Egaéhgaggg§o%gkggg%ugoggﬁb;ggeggans-for attaching a mechani cal

ere

in rotation of the clgani ngnt @@her mandrel and an adapter to connect

10

15

the apparatus to the work string;
b. the housihg rotatably carried on the
exterior of the inner mandrel;
c. a fluid flow path from the work string to
the housing'via the inner ﬁandrel} and
| d. the.nozzle body attached to the housing and

in fluid communication therewith.

3. A system as defined in claim 2 wherein the inner
mandrel further comprises one or more fluid jets in the
extreme lower end of the inner mandrel projecting power
fluid essentially parallel to the longitudinal axis of the

inner mandrel.

4. A system as defined in any one of the preceding
claims wherein the nozzle body further comprises means for
attaching a mechanical cleaning tool whereby rotation of
the housing and the nozzle body results in rotation of the

cleaning tool.

*  C L M § *

lon of the housing and the nozzle body results

1



