PRESSURE ACTUATED CLEANING TOOL Background of the Invention 1.  ofRetd3dl ] 4
the Invention This invention relates to the servicing of wells by tgse of
coizl tubing and.nore particularly to renoval of scale and other downhol e
deposits fromthe inside dianeter of welt Rubulars. 2; Descri ption of
Related Art 1t has been connggggggﬁg|§@Tﬁgfgﬂaezgxggﬁg TROLUN a continuous
reel ed pi pe (known extensrretry—Tmrtie—rmdustrty as —cort—tuobrng’) into a
well to performoperations utilizing the circulation of treating and

cl eanout fluids such as water, oil, acid, corrosion inhibitors, hot oil,
etcA_.Coil tubing, being continuous rather than jointed, is run into and
out of a well with continuous novenent of the tubing through use of a coi
tubing injector. Coil tubing is frequently used to circul ate cl eanout
fluids through a well for the .purpose of elimnating sand bridges, scale,
and sim |l ar. downhol e obstructions. Oten such obstructions are very
difficult and occasionally inpossible to renove because of tthe inability to
rotate the Beckgromindy ofo tdre |[Inwantisuch obstructi ons. Turbo-type drills
have been used but devel op insufficient torque for many jobs. Various

devi ces - hayéeddefudde tInvantdan renoval of foreign material from

t he

This invention relates to the servicing of wells by use
of coil tubing and more particularly to removal of scale and
other downhole deposits from the inside diameter of well
tubulars.

2. Description of Related Art

It has been common practice for many yeafs to run a
continuous reeled pipe (known extensively in the industry as
"coil tubing")'inﬁo a well to perform operations utilizing the
circulation of treating and cleanout ﬁluids such as water, oil,

"acid, corrosion inhibitors, hot oil, etc. Coil tubing, being
continuous rather than jointed, is run into and out of a well
with continuous movement of the tubing through use of a coil

tubing injector.

Coil tubing is frequently used to circulate cleanout
fluids through a well for the purpose of eliminating sand
bridges, scale, and similar downhole obstructions. Often such
Qbstruétions are very difficult and occasionally impossible to
remove because of ﬁhe inability to rotate the coil tubing to
drill out such obstructions. Turbo-type drills have been used

but develop insufficient torque for many Jjobs. Various devices



interior of the well tubing. This well tubing varies fromunperforated and
perforated tubulars to slotted or wire-wapped well liners. Such well

t ubi ng often becones plugged or coated with corrosion products, sedinments .
and hydrocarbon deposits. Wre brushes,pscrapers, scratchers and cutters of .
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cl eaning and "acidi zing to abrasive particles suspende I'gh "pressure

fluids. iR Y MESs BEE pES8uéRE , CEaDhEALE! QWdC‘H%Lf%tc%rrionb‘dtep‘UgtirEsr.esUl ts

| ess than favorable since the f{ow conductors aré sonetimes eroded al ong

with the foreigiraisives pl s@oapéer &) §6ahtBEekBE ahldowuterdycioFrs. U S
Patent 4, 625, 799 di scl oses a nmechanically indexed cleaning tool. The

appar at ya rdfoddide PEdredtwé s dMondetlevel epEeRbodls ulkedpraserty itwventi on.
U S. Patent 3,285,485 which issued to Danon T. Sl ator on Novenber 15, 1966

di scl oseemaveewimnmftord hdepis itgs t ub$Some anfl theski keolFhidd ddewitc @ ciashcapabl e
of injecting reeled tubing into a well through suitable seal nmeans, such as
a bl owounpto the slots or perforations. Those with wires or feelers
thin enough to enter the slot or perforation were often too L;
thin to provide much cleaning force. Several types of washing
tools are avaiiable.which use pressurized jets of fluid in an
attempt to dislodge undesired material from the well tubing.
The development of jet cleaning has advanced from low velocity
for use in cleaning and acidizing to abrasive particles
- 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.

U. S. Patent 4,625,799 discloses a mechanically indexed
cleaning tool. The apparatus of this patent led to the
development of the present invention.

U. S. Patent 3,285,485 which issued to Damon T. Slator
on 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



- 3 - preventer or stripper, and is currently commonly known as a coi
tubing injector. U S Patent 3,313,346 issued April 11, 1967 to Robert V.
Créss and di scl eses nethods and apparatus for working in a well using coi
tubing. U S. Patent 3,559,905 which issued to Al exander Pal ynchuk on

- February 2, 1971 di scl oses an i nproved eoBl =tubing injector. High pressure
fluid jet ?w@vﬁﬁtékﬂﬁktxﬁihpﬁéﬂ f@id nB8ycieaeatly cbamdnlle kindwndas a

di anet er wel | tubul ars. Exanpl es of such systens are disclosed in the
fol Lewi ng WoiS tiialy sinfectidk 264 3, 850, 241

4,441,557 3,811, 499 4,088, 191 . 4,442,899 3,829, 134
4,349,073 U. S. £BentH43, 11 s34€ ibsued| Apndlgdd,i 4465t ty, Robleirtg V.
cl eaners have been used for many years to renove scal e and other deposits
fromthe i fsoge dinahetisclofsesimastheds amdhappaeatuanfersyoskéam hoi kewell
condensers, etc. Such deposits may consist of silicates, sulphates,

sul phi des, Ué&ﬂﬁoMﬂk&;tqkﬂkgun] and organic gromﬂh Co- pendlng pat ent

application serial nunber 06/861, 4 7 filed 8 now U. _S. Patent
4,705,107, discl 8ses 1 F& R of Qﬁuﬁ%ﬁ%ﬁtlfﬁue e8P MEKapEBEl ars
downhol e.

4,583, 59 1986 and 420
i ssued Decgﬁﬁgpcﬁgke%bgf eBIRF & é&éﬁbﬁzgfgf sﬁ%ﬂgeflﬁﬁob§85°¥ﬁgtc8?9c5HPFBF

sl ot used Egjggghgqyate conponents in a downhole well tool.

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

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

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

OQutside the o0il and gas industry, tubing cleaners have
been used for many years to remove scale and other deposits
from the inside diameter of tubes used in heat exchangers,
steam boilers, condensers, etc. Such deposits may consist

"\ . of silicates, sulphates, sulphideé, carbonates, calcium, and
organic growth. Co-pending patent application serial number
06/861,417 filed May 9, 1986, now U. S. Patent 4,705,107,
discioses the use of such equipment to clean well tubulars
downhole.

U. S. Patents 4,583,592 issued April 22, 1986 and
.4,420,044 issued December 13, 1983 show examples of a con-
tinuous J-slot or control slot used to manipulate components

in a downhole well tool.



4 The preceding patents are incorporated by reference for all purposes
within this specification. Summary of the Invention According to one aspect
of the present invention, an apparatus for cleaning flow conductors is '
provi ded conprising first mandrel neans4and second nmandrel .nmeans with .a

| ongi tudi nal fl ow passageway extendi ng through each, neans for connecting
one end of the firstThanpreceditngspatentsodreecinFOEPEEALRY PYuid, the :
second mandrel neans being_slidably disposed within the first mandrel neans
and a port#%ﬁﬁ%ﬁn¢%ef%€c%gﬁ HﬁﬁE?ﬁPsn@%ﬁ@iﬁxF%ﬁﬁLﬁ@??}bﬁ??ﬁé°ﬁther_end of_-
-the first mandrel neans, piston neans attached to the second mandrel meaQg:
one side of the piston neans arranged to be exposed to fluid pressure >~

within the |l ongitudin flow passageway and the other side of the piston
means arréﬂéﬂﬁgﬂﬁlﬁt—géﬁeigggﬁgigﬂuid pressure exterior to the first
mandr el means whereb ' ress ershd e piston neans
wi Il move the secon %%%%ég Bngénéﬁgogg?%ggiﬁglF@étgrggﬁﬁ?ther ext ended
posi 11 on Sl AANERO Sh! abplPRELE! s0PARTealiDAgSeioh BbABLEToEEC 8eCONd

mandrel means to_retpact omits further extended position, neans for
transl ati ng-dPi@ibd Uebmst i SPNE "B s ©f mbh@r &£ CREEN §BAHA e BAASMAREPe

rotational novenent, and neans for attaching a cl eaning
means with a longitudinal flow passageway extending B
through each, means for connecting one end of the first
mandrel_means to a source of cleaning fluid, the second \_)
mandrel means being slidably disposed wiéﬁin the first
mandrel means and a portion of the second mandrel meaﬁs
extending from the other end of the first méndrellheans,
‘piston means attached to the sécond mandrel.means;_one
side of the piston means arranged to be exposed to fluid
pressure within the.longifudinal flow passageway and the
other side of the piston means arranged to be exﬁoséd to
.fluid pressure extefior to the firsf mahdrel means whereby
fluid pressure on.the one side of the piston meéné will
move the secohd mandrel means longitudinally to a further
extended ﬁosition relative to first mandrel means, means
for biasing the second mandrel means to retract from ifs
furthér extenééd positioﬁ,_meéns for translating
longitudinal movement of the second mandrel means into
rotatidnai movement, éﬁd means for attaching a cleaning
tool to thé.poftion of the second mandrel means extending

from the first mandrel means.

The translation of the longitudinal movement of



tool to the portion of the second mandrel neans extending fromthe first
mandrel means. The translation of the |ongitudinal novenent of 5 the

i nner mandrel relative to the outer mandrel into indexed rotation of the

i nner mandrel may he effected by control slots and two sets of ratchet
teeth. Indexed rotation of the inner mandrgel can be enployed to position
the cleaning tool attached thereto to clean different portions of the flow
conductor. Thaerieafiy manexdl aeleiwl it Riiee dutementhdrell wirsto or rotate
the.coil tubing to ensure uniformcleaning of the inside dianmeter of the
wel\_f | ow condidexed ddtatsiqrardf diiearinners efandnele maye/be @fifeateshdgownhol e
limt the ability of |ongitudinal novenent to rotate the cleaning tool.
Accor di ng t o condttodr sispesttanst twee setsaft natahat deetther Nde¥adbyi ded a
met hod of cleaning the interior of a well flow conductor using cojl tubing,
an i ndexi ng tmsglatinn L& |hemiinpensandnel @an g emPloyed s BRFIHRR ti ng
into the well flow conductor the coil tubing wth the indexi tgol and the
cl eani ng t oolthe (HGRHERG i 2thARRRY (HhereFq tustRn %Q‘%ﬁ%l ly

ggjr ggggt t Pg %q%&wg%{@ugﬁgﬁﬁ%ﬂ eaning tool is positioned
The present invention can eliminate the need to
twist or rotate the coil tubing to ensure uniform cleaning
of the inside diameter of the well flow conductor. It is
particularly useful when well conditions.@ownhole limit
the ability of longitudinal movement to rotate the
cleaning tool.
| According to another aspect of the present
invention, there is.provided a method of cleaning the
interior of a well flow conductor using coil tubing, an
indexing tool and a cleaning tool with fluid jets,
comprising inserting into the well flow conductor the coil
tubing with the indexing todl and the cleaning tool
o éttached thereto, moving the coil tubing longitudinally
through the well flow conductor until the cleaning tool is
positioned adjacent to the interior portion of the well
flow conductor to be cleaned, supplying cleaning fluid
pressure from the well surface via the coil tubihg to the -
indexing tool and the cleaning tool, moving the cleaning
tool longitudinally by movement of the coil tubing whereby
clean fluid exiting from the fluid'jets in the cleaning
tool will clean the interior of the Qell flow conductor

adjacent thereto, momentarily decreasing the cleaning



fl ow conductor to be cleaned, supplying cleaning fluid pressure fromthe
wel |l surface via the coil tubing to the indexing tool and the cl eaning
tool, noving the cleaning tool longitudinally by novenment of the coi

t ubi ng whereby clean fluid exiting fromthe fluid jets in the cleaning.tool
will clean the interior of the well Tlta; conduct or adj acent thereto,
nmonmentarily decreasing the cleaning uid pressure supplied to the

i ndexing tool to rotate the cleaning tool attached thereto, and said

| ongi t udi n@j , {PVEREHdSr & NSl EESET €0 ORI IR LRI Y tSPEAESIrdBhtL thE
interior of the well flow conductor is satisfactorily cleaned. These and, ~
addi ti onalcfeaiin@stdl tAetdERs® NEheFeed)] | nd edid brorigseddbesh wi t h
reference to the acconpanyi ng draw ngs. "Brief Description of the

Drawi ngs Mmiddferits sarid Seles@ire chidnges) beirig i védpeated aueyal i tite and
partially in section with portions broken away, showing a coil tubing unit
and cl eaniimgteémior reefiothe welhaflidow dormdndter | isisketisfacteriby a wel |
tubul ar. FIGURES 2A-and B, drawn to a |larger scale, partially in section
and parti atleanedel evati on with portions broken away,

These and additional features of the bresent
invention will be described with reference to the

accompanying drawings.




show - an indexing tool of the present invention with alter- native
cleaning tools attached thereto. FIGQJURES 3-7 are schematic draw ngs,
partially i'n section and partially in elevation, of the sequential steps as
the indexing tool responds to fluid pressure changes to rotate its inner
mandrel means relative to its outer mandrgl nmeans. FIGURE 8 is a schematic
drawi ng, partially in elevation and partially in section, show ng the -

i hdexi ng tBxdlefivi Réseripebonnoftbiveé Brawinad thereto for hydraulic drilling
of a.sand bridge in a tubing string. FIGJRE 9 is a schematic draw ng,,
paP%LQIIy in el REEYRR hniS prfrhenytin dEaving, PR&KLAL 1Yhdn gde&viakdofool
of FIrgure 8 with a, c]eanjng tool adag arge di aneter .casing.

d for. ' .
FI GURE 10 3™ PG hhY i 10 SRREFHPP 1'% ’}éﬁ BPgﬁggf‘gan?B-ei‘oaHPYFi FOPHiRg @
FI GURE 11 j s @ devel t dr awi how h Li.nd .control slot
whi oh t ok CYRERA T A heb LR AP nEgoRoE g AAS” aeppl e s 8n T °
| d drawing in elevatj how t tive design for the first,
cecond. adBaiis & LaTe T o (R A BuBRaTr Gexing Tool of i gures 2A and
2 Description Hrddged” 24 Uheds FTRAULAPRES ol gl ok it Ipatt & 1 den

fromwel | head 21 10 an under- grbund hydrocarbon “or fluid producing

for mati on Jnqt; GH'UKY -pd¥ aPlly ' fn A61E05E1bA REEh BY¥re28h30ptbilehd atbyye! !

fl ow

shqw an.indexing tool of the present invention with alter-
native cleaning tools attached thereto.

FIGURES 3-7 are schematic drawings, partially in section
and partially in elevation, of the sequential steps as the
iﬂdexing tool responds to fluid pressure changes to rotate its
inner mandrel means ;elative to its outer mandrel means.

FIGURE 8 is a schematic drawing, partially in elevation
and partially in section, showing the indexing tool with a
cleaning tool attached thereto for hydraulic drilling of a sand
bridge in a tubing string.

FIGURE 9 is a schematic drawing, partially in elevation
-t*/ and partially in section, showing the indexing tool of Figure 8

with a cleaning tool adapted for use in large diameter casing.
FIGURE 10 is a drawing in section taken along line 10-10
of Figure 2A.
FIGURE 11 is a development drawing showing the cylinder
and control slots which translate longitudinal mbvement into

rotation.



conductor 22 with tubing string 23 di sposed therein. The present invention

can be used with other types of well tubulars - or flow conductors
including liners and dual production tulsng strings. Al so, the, present .
invention is not limted to use in oil ard gas wells. During the produgction

- of formation fggp rj QuUS,t d ls y | at t-he i nsi de
di aneter of f Iéofvsl;%ﬁgt %%séﬁzg’g%%‘%fi Egg%bés qgf e;io%ﬁé. é)?j'ogh'%guté@e a8 ay,

paraf fi ) @ih S8 JFeRigh efo Pl char fi f8POSkbeohld ah@ ThlilrtlsSinddRhates,

sul phi des, carbonates and calcium The present invention is particularly

usef ul fusred enitalLrd idak HePOEbSE HOUPHgiPesOTR daat lier mal and oil wel (S
but may be satisfactorily used to renove Other types of deposits such as¥

sand bridges. Using conventional well servicing techniques, injector 25 can
be mounted on wel | head 21. Continuous or coil tubing 26 fromreel 27 is

i nsert egdelyriftd@mo T Hd o IR r &d PBhbbabhage23. Wl | cl eaning

appar at us. . IS attache 0 € ToOwer end O coil tubing 26 by a
suitabl e t hredgedigured iwsl X120 dbmetds dE28mi welllHeadt B¢ BecassandepHTPS,
val ves, and fluid reservoirs to discharge high pressure cleaning fluid into
bore 249¥Pancoinydrgsiard o6 orval Muisd 29r edidic Bog cforbetiesd (hotcehbwal) .t he
return of spent cleaning fluid to the well surface. Wllhead valve 31 is
used t oWEdAt 28 ifedafdiedaddeRR it RINCIFINY SbFEDAI eht PeAlwElAWhore 24 of

tubing stri,ng.23. Bl o t preventers, 32 are _
9 condu%tor 2% J%%ﬂ éﬂbing string 23 disposed therein. The

present invention can be used with other types of well tubulars
or flow-cohductors including liners and dual production tubing -
strings. Also, the present invention is not limited to use in
oil and gas wells.

During the production of formation fluids, various types
of deppsits may accumulate on the inside.diameter of flow
conductors 22 and 23. Examples of soft deﬁosits are clay,
paraffin, and sand. Examplés of hard deposits 114 are
silicates, sulphates, sulphides, carbonates and calcium. The
‘present invention is particularly useful for removal of hard
deposits found in some geothermal and oil wells but may be
satisfactorily used to remove other types of deposits such as
sand bridges.

Using conventional well servicing techniques, injector 25
can be mounted on wellhead 21. Continuous or coil tubing 26
from reel 27 is inserted by injector 25 into bore 24 of tubing

23. Well cleaning apparatus. 40 is attached to the lower end of



normal Iy installed between wel | head 21. and I njector 25 to block fluid flow
during enmergency conditions. Manifold 28 is connected to reel 27 by
cleaning fluid supply 1ine 34. Regul ati ngeMal ve or dunp valve 35°is
provided in supply.line 34. Valve 35 can be'tenporarily opened to

[ ' I f ifold
25 to coitothibhEERE. 2R rhe & HWiidaR C'tﬁralr“ Giged foanacBlonei -c/ dannAgla
-- t
Cool a2 2 ufelasEs L, “%%9‘4%@3 IR e U T
i N\ E5ponss LT s Sf.}ﬁ{'&ieffheg h8PL 4% D33 Lhil'

mandrel neans 4 secon reI nmeans dab | SpoSe

First or mﬁﬁi? npgdr eya1pans 245ahd 89S Y 6}# Yufed Oﬂgué'ﬁ ég&"lc E“PgEu}é"'nt h

| ongi t udi nal ow passageway 46 extending there- thro |rs

nmeans 45 dhadpeles €Ddafang4F1wih cohneadsiily adipk £ 5090 tuﬁénﬁheéhowalve 31
passageway 46 therethrough. End cap 47 provides neans for connecting one.

end of filrstusexhdrel cortinel4Betticaill alotesyy 26 arhd chlu id t CoBMEORDOLEL SN
apparatus 40 to a source of cleaning fluid. End cap 48 is attached to
the ot hewidrid ndréi 24t ofratdbéhgneanings.2 End Blrpwel: hesewoepeng 39 siged to
al l ow second mandrel neans 60 to be slidably and rotatably disposed
therei n. nAgralbn Hostailedcbatvwaandwell Lieads 20 and enupetiongi 2hidtoablyck

from end cap 48. Second or inner mandrel nmeans 60 is essentially a | ong,
fluid flow during emergency conditions.

K/' Manifold 28 is connected to reel 27 by cleaning fluid
supply line 34. Regulating valve or dump valve 35 is provided
iﬁ supply line 34. Valve 35 can be temporarily opened to
momentarily decrease the pressure of cleaning fluid supplied
from manifold 28 to.coil tubing 26.

As best shown in Figures 2A and B, well cleaning
apparatus 40 consists of two downhole well tools -- indexing
or rotating tool 42 and cleaning tool 80. 1Indexing tool 42
can rotate cleaning tool 80 in response to cleaning fluid
pressure changes. Indexiné tool 42 has first mandrel means
.45 with second mandrel means 60 slidably disposed therein.
First or outer handrel means 45 is essentially a long hollow.
cylinder with longitudinal flow passageway 46 extending there-’
ﬁhrough. First mandrel means 45 inclﬁdes end cap 47 with
_threads 41 and longitudinal flow passageway 46 therethrough.
End cap 47 provides means for connecting one end of first
mandrel means 45 to coil tubing 26 which in turn connects

apparatus 40 to a source of cleaning fluid. End cap 48 is



hoIIOM/cyllnder The outside dianeter of second mandrel neans 60 is
substantially 1ess than the inside dianeter of first mandrel means 45. This
difference in dianmeters creates annul ug»0 when second mandrel —nmeans 60 is .
di sposed within first mandrel neans 4547 This difference in dianeters al so

al | o SgEeRnIRN el JIo R 0 i ¥ B A0 haAd e | aRgha A8 nBhiY oo
extends jarpugh,3e6on %ﬂ%&@ 8% by 4 %hap @t 8l REagEcRpd, Frpdrel
H4g; oBehd . 2058 FsSEare

means 60 re irst nman re neans n response to

changes ¥4 { §hB1l094kt ‘f@'t%%lab&g;‘ﬁ& PR e A AT © ﬁs Qaﬁdgqu ggnsgnmﬂ

50. The rotating neans i nclu ers

RS S AT T

d
el astoneric seals 6 e ext i or of secong nandrel nmeans

60 to forma fgukgnRapki %n\e_nrt hhalnlde d Nt 6 {4 réészgﬁeﬁéfi ”Eagé?g, lu

adj acent thereto. One side of piston neans 61 (seal I S expose

pressur ened 1 b Ncy 0ngikrdi nahefl lbAwshaes AWML A6 .o fl NEe @ RA@ mShGLe Of pi St on
means 61 (seal 63) is exposed to fluid pressure within annulus 50. One or

nmore pornsan$ €8t éadsubdiahktyatllyolgss ivhsin rerglrigls idansidibe t&r eggial i ze
fluid pressure between annulus 50 and the exterior of first mandrel neans
45. Thusfimwenmandidlpmesssrdsi.n Mg didifeaerdeow mpadiampirys 46r excesds
fluid pressure in annulus 50, the
annulus 50 when second mandrel means 60 is disposed within
first mandrel means 45. This difference in diameters also
allows second mandrel means 60 to rotate.and slide longi-
tddinally-relativel;o first mandrel means 45. Longitudinal.
flow passageway 46 also extends through second mandrel means
60.
Means for rotating second mandrel means 60 relative
to first mandrel means 45 in response to fluid pressure
changes within longitudinal flow passageway 46 are disposed
within annulus 50. The rotating means includes piston means
61, cylinders 51, 52, and 53, and biasing means or springs 54
and 55. Piston means 61 includes elastomeric seals 62 and 63
carried on the exteridr of second mandrel means 60 to form
a fluid barrier with the interior of first mandrel means 45
adjacent'thereto; One side of piston means.Gl'(seal 62) is
exposed to fluid pressure within longitudinal flow passageway
'46. Thé other side of piston means 61 (seal 63) is exposed

to fluid pressure within annulus 50. One or more ports 56

extend radially through first mandrel means 45 to equalize



difference in pressure creates a net foorce on piston neans 61 to slide or

extend longitudinally second mandrel neans 60 further relative to

first-mandrel neans 45. First cylinder 51 second cylinder 52, and third

cylinder 53 are disposed in annulus 50 b !meen first mandrel nmeans 45 and

second nangﬁeL ans 60 to provide ayﬁfrtion of . the nmeans for translating
I

| ongi t udi n ARSRSUdre SetHRETaRdiusethansh the SRR P E et .

Second cyl im%%e 2 1S secujr_ed o the ext g’liugrf of second .ma ns 160 by

drel, .n
two ar mor 8L oo RIS £ 2 - se NS PSRy iPE 9358 4% d N 03‘?3&&3'%61&1"@

pi St@é\ Mean oyl pAN RO 6 W ed%ﬁ?f‘igagrfgzgk@s@u:@%r}ﬁ Athu 1 s76" e 64

provi de nmeans for securing second cylin to the exterior of second

mandrel Me@ng FeQ e QY PriRS R @ rica tel 0Me DIt deO tIH LV Intad 61
rotatably relative to first mandrel nmeans 45. First cylinder 51 and third

cyl i nder 5%oakd idies pas @k tehdolpegyite diinddd yofsexon@ hatidrigldareamd. 6B asi ng
means or spring 55 is carried between shoul der 65 and first cylinder 51 on
the exteri édirshegecedativedte Liwghs mgpdredpmeadpss®3urges first cylinder 51
to abut one end of second cylinder 52. Biasing nmeans or spring 54 is

carried between ERAEStdEY 168 tHe isHcONdCYI AGEs 5 Zyn e |t hid $h S YA ndar
third [ i 53...Bi ' . 4 f t f, ti  First, it

Lhird oyl | AdoPE83 GBS il SPHANSERd B LHaed LRy Mbe=e) neang, s 0°°
spring 54 QEQVEQ%%n%EﬁE%dE%& qk %gn%os%%p%i&pyyng porf&%n of the means

. for translating 1ongi£udinal movemeht of second mandrel means

~ 60 into rotation thereof. Second cylinder 52 is secured toc the
exterior of'second mandrel means 60 by two or more set screws
64. Second cylinder 52 is located intermediate piston means
61 and portion 60a of second mandrel means 60. Set screws 64
provide means for securing second cylinder 52 to the exterior
of second mandrel means 60 whereby they move in unison, both
longitudinally and rotatably relative to first mandrel means 45.

First cylinder 51 and third cylinder 53 are disposed on

opposite sides of éecond cylindér 52. Biasing means or spring

'Kyf 55 is carried between shoulder 65 and first cylinder 51 on the
exterior of second mandrel means 60. Spring 55 urges first
cylinder 51 to abut one end of second cylinderlsz. Biasing
means or spring 54 is carried between shoulder 66 on the
interior of first mandrel means 45 and third cylinder 53.
.Biasing means 54 performs two functfons. Firsﬁ, it urges
third cylinder 53 to abut the other end of second cylinder 52.

Second, spring 54 provides means for biasing second mandrel



means 60 to retract fromits further extended position. 'Spring 54 opposes
the force of cleaning fluid pressure acting on piston neans 61. First set

of matching ratchet teeth 67 is formed\gn. the ends of first cylindér 51 and
second cylinder 52 which abut each other. Teeth 67 are shaped to all ow

second cyhidadry 612 tod rediralct ift oalile O FrdineACtd ed R Rlgosd tionl.i F Spring .
cylinder 51. Second set of matching ratchet teeth 68 is fornmed on the ends
of second 5alyloppseres52 hend ardter o fcydliemodm &b X Mhiit Ip rdmsu rea@v tdiniyeon Teeth 68
are shaped to allow third cylinder .53 to rotate in only the other :

di r ecti on PiStan wmeans $doond cyl inder 52. As best shown in Figure 2A, figs
pair of indexing pins 69 is securely engaged with first nmandrel neans 45~
and slidably di Fidsdd sat ofspadqhi@s irasichehitenths &t sisyEormedsoncont rool
slots 70 and associated first .indexing pins 69 cooperate to allowlimted
| ongi t udi & FHASMAh L3Sy Fé’tl"-é’;ﬁ%‘nég-r and sqcand, exld ndets S aihdich neans
45. This venment .is . shown in Figures 3-7. First control slots 70 .are cut
Lhr ough { FPEE BASSERSST s TEPHMET BRE ISRRSL Gl I8 Sesondh ay st

| i vallly parallel w | i 5 of. T drel
Teans 45 330 Redetd teuihs P end W net AR ST (B e Sadhe

nmeans 45 and secon ndr el

Thus, firsl, CoecIndS s@itS of0 matEhlingS ir dtRHRY M diH1 S PN £ TGS Ol The
prevent rotation of first cylinder 51 relative to first mandrel neans 45

Second paiehdsf dfndexiond Riyldndkri $2sand ahi rengagdhdirt 15 ¥ iwhdtchmandiel
means 45 spaced longitudinally fromfirst '
each other. Teeth 68 are shaped_tq_allpw third cylinder 53 to

rotate in only the other direction relative to second cylinder A
52.

As best shown in Figure 2A, first pair of indexing pins
69 is securely engaged with first mandrel means 45 and slidably
disposed in respective first control slots 70. First control
slots 70 and associaged fifst indexing pins 69 éoope:ate to
allow limited longitudinal movement of first cylinder 51
relative to firsﬁ_mandrel means 45. This movement is shown
in Figures_3-7. First control slots 70 are cut through first
cylinder 51 such that the longitudinal axis of each control W
slot 70 is essentially parallel with the longitudinal axis
of first mandrel means 45 and second mandrel means 60 when
indexing tool-42 is assembled,_ Thus, first control slots 70
apd first ;ndexing pins 69 cooperate to prevent rotation of
.fi:st cylinder 51 relat;ve to first mandrel means 45.

Second pair of indexing pins 71 is securely engaged

with first mandrel means 45 spaced longitudinally from first



I ndexi ng pins 69. Second indexing pinss71 are slidably dis- posed in
respective second control slots 72. Second control slots 72 are cut through
third cytinder 53 such that the longi- tudinal axis of each control slot 72
is formed at an angle relative to the |OE | tudinal axis of first mandrel
means 45 and second mandrel nmeans 60 wheh/l ndexi ng tool 42 is assenbl ed.
Thus, secoffldeXilnlpitiLted .72 b CcDidek DAGXphFsp7sare sdddabalye dic-
cause partial rotation of third cylinder 53 relative to first mandrel neans
45 when t hpod ey liimders ge: tnibve ssd aomyd teaimbadblysiekat 7e t Secend. cohlterol
degree of rotation of cylinder 53 is directly proportional to the angle of
cont rol sI§ﬂ9tﬁ21&ﬂ&na\Rﬂ&(thﬂﬂ#deEhbtdchiinﬁﬁﬁdﬁél5#§§n§h45.thﬁt ned -
threads 81 are machined on portion 60a of second mandrel nmeans 60 and

cl eani ng t §80i8al amimefs BChrerntdL hethats 42 46t BLRPRG *&r PHuENGL&ani ng
tools to the _portion of second mandrel neans 68 Sxtendin

fr. fi
Imandre:CI rrpﬁf"fé:&&."edt@arﬁhrc?:? ]t%’.tﬂi%ﬂ?ir%a]a.nabﬁoﬂ baLsE ’“f"}g\‘}]i’fcn= mﬁ‘elraéﬁs;tdﬁs\/é’&ﬂ
e, 110 0B ST gy FrgURERAETshg REPTRChaBipbace.

| ongi t udi n wa ur a jets exten

ateral |y BEQUO Jd PHEIH) 061 630 NaniogkBRa IRbS xiAgapig fhui ds

froml ongi dal” 1 ow passageway to exit from chanber and to cl ean

the interigooplerild tid QMU ik 10fa R3r gaEE6At oEhehgta. cYaindes Sizes and
types of cleaning tools can be attached to indexing tool 42 correspondi ng

to the sizeeglaftitviee teelfiddtOmOndeBI téansd45heheypehttddeyddinidetro Side
cl eaned. C eaning _ _ :
U moves longitudinally relative thereto. The degree of rotation
of cylinder 53 is directly proportional to the angle of control
slots 72 relative to the axis of first mandrel means 45.
Matching threads 81 are machined on porfion 60a of second
mandrel means 60 and cleaning tool 80. Threads 81 proVide
means for attaching various cleaning tools to the portion of
second mandrel means 60 extending from first mandrel means 45.
Cleaning tool 80 is an oblong vessel having a relatively large
fluid chamber 82. Cleaning fluid is'supplied to chamber 82
from longitudinal flow passageway 46. A plurality of fluid
jets 83 extends laterally through the exterior of cleaning tool
80, Jets 83 allow fluids from longitudinal flow passageway 46
to exit from chamber 82 and to clean the interior of well flow
conductor 23 adjacent thereto. |
Various/sizes and types of cleaning tools can be attached
to indexing tool 42 corresponding to the sizes of the well flow
conductor and the type of deposit to be cleaned. <Cleaning

tool 80a is an enlarged version of cleaning tool 80 for use



tool 80a is an enlarged version of cleaning tool 80 for use in |large

di anet er. casing as best shown in Figure, 9. The outside dianeter of

cleaning tool 80a is selected to provizbkthe desired stéandoff bhetween fluid-
jets .83 and the interior of flow conductor 22 adjacent thereto. C eaning
tool 80bjhs 107%RNtd HnetdecSsiRy afs ChE3RI BAoWAOi nB@a gRrect, thafe it is .
| onger for greater vertical ¢leaning of a flow conductor. For deposits such

as sand buitddRiel A anu tdr Pt Pé indl ©681t BDANGsSERlRgtdd t@l @RRivii@et OOl
90 is preferably used. The exterior of cleaning tool 90is cylindrical, -
simlar thecldemiinedl tsydnddEf HBéwvween , £10ed| Jees 63daald theadinte rtiea 90;_;
truncated by bevel ed portion 91 and pl anar surface 92. Fluid jets 83 are~~
drilled ofil ¥liow lmereiwetqmwr22 ad Pcerdbietiképeto.wekllleahdani ngodpBarativs 40
with cleaning tool 90 attached can be lowered into tuning string 23 until

pl anar seskSeadi®d lgorttertsamaras olagei A90toal e8angxtepitd thaamijtetis 83
strikes sand bridge 100 at an angl e due to bevel ed portion 91. Pl anar
surface Yongeni fioregreatdn ivadwicdoreksambnghofii gh€lpwscohducteorati on of
second nmandrel nmeans 60 due to contact of cleaning tool 90 with sand bridge
100. Thus, theFgres@ROSihfRUTh asarfand rRebFgG hgﬁpVEéchoF°ﬁyéﬁ§3ﬂWb
drilling, of downhql e deposits._ Operating Sequence Figures 3-7 show the
sequencebchévéﬁpénasS&Q%ﬂﬂrﬁf¢IQﬁ%?q¥ﬁ§n&ﬁﬁ edlt bSaBp&fsfast¥ouskd -second

ndr el n . . . . . ..
mandr e 8 gxter;or of cleaning tool 90 is cylindrical, similar to

cleaning tool 80.. waeyep, the lower end of cleaning tool w
90 is truncated by bévqled portidn 91 and planar surface.92.

Fluid jets 83 are drilled only in beveled portion 91.

_Therefore, well cleaning apparatus 40 with cleaning tool 90
attached can be.lpwered into tubing.string 23 until planar

surface 92 contacts sand bridge 100. Cleaning fluid from jeté

83 strikes sand bridge 100 at an éngle due td.bEQeled portion

91. lPlanar surface 92 miﬁimizeé any friction forces wﬁich

might restrict roﬁation of secoﬁd mandrel means 60 due to.

contact of cleaning tool 90 with sand bridge lUd. Thus, the

present invention can be readily adapted for hydraulic drilling

of downhole deposits.

Operating Sequence

Figures 3-7 show the sequence of events as cleaning
- fluid is supplied to_apparatuslgo_and second mandrel means
60 is rotated or indexed relative to first mandrel means 45.

Indexing tool 42 is shown in Figure 3 as it would appear with



60 is rotated or indexed relative to first nmandrel neans 45. |ndexing tool
42 is shown in Figure 3 as it would appear with | ess fluid pressure
applied to’piston nmeans 61 than required tg.overcone spring 54. This
condition woul d exi st when well cleaning agbaratus 40 was being inserted
into a flow-conductor w thout cleaning fluid being punped through coi
tubing 26. réser £padid ipRRisturel appliedapamistsort(nédns hel delsan efed@Lpéd on
in the well flow conductor, cleaning fluid pressure is supplied to -

| ongi t udi natof boarpameageedyngd 6 4f.r omhiisnicdondl A vivvowld |ex it ngh&%. wathen
cleaning flui-d pressure acting on piston neans 61 exceeds the pressure of
any T1uid ieleanihgs appazadusshd0f wase befi ngoriingezgd sstthd nbiel etom@dunto 60
and cylinders 51, 52, and 53 will nove longitudinally relative to first
mandrel nmednbthgutRedernningedbid7 bpiage pumpaditihioudt £9ohdiubivendhi

between first cylinder 51 and second _cylinder 52. Durigahthis ext ensj on _of
second nandrel nedf§egoposétdnainddelierd ing apPaRrtUeBhR e dihe dfesiped 72

o Becond cHPFRELPRSSD kPgureLs EaiscPREURSIT AP aHMh A A R e T
RO TR PR TR s SR TR
ook RO o ECSHL MR, SRR RS, sl RS g
piston means 61 exceeds the pressure of any fluid in annulus
W, 50 and the force of spfing 54, second mandrel means 60 and
. cylinders 51, 52, and 53 will move lonéitudinally relative
to first mandrel means 45. Ratchet teeth 67 prevent relative
rotational movement between first cylinder 51 and second
éylinder 52. During this extension of second mandrel means
60, second iﬁdexing pin 71 and second control slot 72 cooperate
to rotate or index third cylinder 53 one ratch tooth 68
relative to second cylinder 52. Figure 4 shows the momentary
.gap between second cylinder 52 and third cylinder 53 created by
this movement.
| In Figure 5, second mandrel means 60 is shown in its
fully extended position relative to first mandrel means 45.
Indexing tool 42 will remain in this position as long és
cleaning fluid pressure in longitudinal flow passageway 46
applies more force to piston means 61 than s?ring 54 and any
fluid pressure in annulus 50. Figure 5 represents the normal

position for indexing tool 42 when jet cleaning downhole

déposits.



applies nore force to piston nmeans 61 than spring 54 and any fluid pressure
I n annulus 50. Figure 5 represents the nornmal position for indexing tool 42
. when jet cleaning downhol e deposits. \Lpner mandrel means 60 can -be
rotated to position jets 83 of cleaning tool 80 adjacent to different

portions of therhhéern@hdpélt heahk0woC @A Hedr d1itEH W e 'tﬁynd?&wési ng"

cleaning fluid pressure in |longitudinal flow passageway 46 bel ow a

presel ect&ll vl clbeanprigngodl BAnaddhcant ®o BIEEIRAMNDIEHEE R . JEH e 60

| ongi tudinally upward. A tenporary pressure decrease is possible by opening

and cl osiittemioe 6 tbet fitowetbnductace beAngs aieahe®dndiBy dedsadthgoves,

upward, indexing pin 71 and control slot 72 cause rotation of third et

cyl i nder c®aring fiuidi pressutreansnilongd tudinadond ow Idasdrgdwlpys g at chet

teeth 68. Since second cylinder 52 is secured to- second mandrel neans 60

by set s&edwy &, presohecheddvaluapaspré@gnbdt cans oretataatte alumaowe WyEsh

| ongi t udi nal’_ novenent. As shown Fn.Figure 6, ratchet teeth 67 all ow second

cyl i nder MRALeL RRANSHr60 oleneibpdiradly BPWAEHat | Ve tegpoiragty @rdssiare 51.

Thi s rot%tion causes the Hﬁggorarg gap bet ween _ratchet teeth 67 shown in

Fi gure 6°%8f&ER S URRTUIOT EntPERIRENBNE: £108dBGnYadyRdPS atedhe 60

W | | hav%erqé%}e one r%ichet t@gth; hbti'the reigtive posi tion of set

screw 64 A IF SRR E s ripar & tBRARFGBE M92nFn 8 RRVEE UB¥aSH | eani ng

fluid pr?ﬁ%@&ﬂnﬁhiﬂ9957l and control slot 72 cause rotation of third
cylinder 53. This rotation is £ransmitted to second cylinder
52 by ratchet teeth 68. Since second cylinder 52 is secured
to second mandrel means 60 by set screws 64, second mandrel
means 60 must also rotate during upward longitudinal movement.
As shown in Figure 6, ratchet teeth 67 allow second cylinder 52
to index or rotate one tooth 67 relative to first cylinder 51.
This rotation causes the temporary gap between ratchet teeth 67
shown in Figure 6.

When the upward movemeht is complete, second mandrel
means 60 will have rotated one ratchet tooth. Note the
relative position of set screw 64 in Figure 3 aé compared to
'Figure 7. Thus, a series of cleaning fluid pressure changes
can rotate second mandrel means 60 and cleaning tool 80 through

three hundred and sixty degrees.

\

Alternative Embodiments

Pairs of indexing pins 69 and 71 with respective control

slots 70 and 72 are shown in Figure 2A. However, indexing

7

U



can rotate second mandrel neans 60 and cl eaning tool 80 through three
hundred and si xty degrees. Alternative Enbodi nents Pairs of indexing pins
69. and 71 Wwith respect’ive control slots TQEand 72 are shown in Figure 2A
However, indexing . tool 42 could functfon with only one indexing pin 69
and one indexing pin 71 if desired. For larger sizes of indexing tool, nore
than two indexing pins 69 and two indexin? pins 71 may be required. Also,
first cont t@cls|4d scowl @ ofurchion with enlinghe isdHexing pdnt 68 and one

| ongi tudi nal axis of first mandre| neans 45 and second control slots 72 cut
pargllel t RedaxdinpP igestl shbviesir i gurBot1larapedsdgeenedr ivdexinandeol,
mul t1'pl e second .control sJots 72a, ./2b, 8nd 72c cut therein wth _each sl ot
formed at QQﬁ%fégﬁﬂnt%ﬂuﬁ lexind, RIS | §9 saNecEVRgIRIRXRBE PABEN 747 mayd bes
and the angle f.or each contrpl_slot 72a, .72 ang.72c, .t.he deqgree of
rotation o eﬂ’l‘d‘é"ﬁ‘ﬁg gkflioe'coﬁot%n%‘?'b?r%aﬁgbﬁﬁ ggncBglﬂr E?ng& g% By

I nserting d Xd | /1l into e desired secand contral slot 72.
For _exanpl SH938 A TEGaTE e Sd 1o edofndForls 38 BEFeFr Banduel, Beans
angle to CQ]ESV SO g’ ddH@%dI;gsereek?sar? cogt %99&&@1- 5§EEQEG_.C0“”0' sl ot

72b can be forned at a thirty ngle to torrespond wth indexing two

Gegr oo angl e to o Pamord o e e T e P Er CRar TpagF gy cat et
multiple second control slots 72a, 72b, and 72c cut therein
with each slot formed at a different angle. By properly
selecting ratchet teeth 67 and 68 and the angle for each
‘control slot 72a, 72b, and 72¢, the degree of rotation or
indexing of second mandrel means 60 can be preselected by
inserting second indexing pins 71 into the desired second
control slot 72. For example, second control slot 72a can be
formed at a fifteen degree angle to correspond with indexing
one ratchet tooth 67. Second control slot 72b can be formed at
a thirty degree angle to correspond with indexing two ratcﬁet
teeth 67. Second_éontrol slot 72¢c can be formed at a forty
'K/ five degree angle to correspond with indexing three ratchet

teeth 67.

For some downhole well conditions, cylinders 51, 52,

and 53 may not satisfactorily rotate second mandrel means 60

relative to first mandrel means 45. As shown in Figures 3-7,

.rotation of second mandrel means 60 occurs only when spring

54 iifts or returns piston means 61 to iﬁs upper position

after fluid pfessure has beén reduced. See Figure 6. The

hydrostatic pressure of fluids in coil tubing 26 or debris



For some downhol e well conditions, cylinders 51, 52, and 53 may not
satisfactorily rotate second mandrel neans 60 relative to first nmandrel
nmeans 45. As shown in Figures 3-7, rotﬁgﬁon of second nandrel neans 60
occurs only when spring 54 lifts or re ns piston nmeans 61 to its upper

position after_ fluid pressure has been redyced. . See Figure 6. _The
hydr ost &GUPHEIELRS BFORPG 'Hésitﬁncﬁ‘ﬁlanﬁuﬁilind‘a% QR FREINg R4 ML i ng °

Sl L L ST
ot o LS MATR AR PO 4 ool o
T e
L;anugly ef?é?%géﬁpogltfqn. Sprlng.ggaonly ﬁhsilo %gsgpfééb Cmﬁﬁﬁ%ﬁs
351, 353° anih SEAt R, 0 REFERCRT )RR RAEER N rackhE kh 8 M o

for spricothpakdd © SCe&hakg. SCRRBENERNEEELNTBERS RfOT dH LV jAUS 91 stpwn i n
Figures 6 and 7. First cylinder 351, second cylinder 352, and third

cyl i nden7353 «ara e pt aegeion asnglusdSpreebueen movies sewlideimamans 45 and

second nmandrel means 60 to provide a portion of the nmeans for translating

| ongi t udieaals B eneni tof feblpndxtended position. Spring 54 only has
to move second mandrel means 60 longitudinally in the opposite \_)
direction. Therefore, cylinders 351, 352, and 353 with ratchet
téeth 367 and 368 eliminate the requirement for spring 54 to

also rotate second mandrel means 60 as previously shown in

Figures 6 and 7.

First cylinder 351, second cylinder 352, and'third.
cylinder 353 can be placed in annulus 50 between first mandrel
means 45 and second mandrel means 60 to provide a portion of
the means for translating lonéitudinal movement of secdnd
mandrel means 60 into rotation thereof. Second cylinder 352 ’
can be secured to the exterior of second mandrel means 60 by ~
inserting two or more se:t screws 64 ‘'into opening 310. Second
cylinder 352 should be located intermediate pisﬁon means 61 and
portion 60a of second mandrel means 60. Set screwé 64 provide
means for securing second cylinder 352 to the exterior of
:second mandrel means 60 whereby Ehey move in unison, both
longitudinally ana rotatably rélaEive to first méndrel means

45. Cylinder 352 can also be satisfactorily secured to second



mandrel means 60 into rotation thereof. Second cylinder 352 can be secured
to the exterior of second nandrel neans 60 by inserting two or nore set
screws 64-i'nto ,openindg 310. Second cylinder 352 snould be | ocated
i.nternediate piston neans 61 and portion J6ba of second nandrel neans 60.

Set screws 64 provide neans for securing second cylinder 352 to the
exterior ofmsggeed meAHECEIMBINGLEQR MiRAHY SUEY dBVE Hey LHHd?Oé\lo@Ptib
l'ongitudinally and rotatably relative to first mandrel neans 45. (f
352 .can - al sgnbegsabief, adtokimy laeceoas tira cteicndechmipjulisl nERSt GcByDMdez
ot her nmeans such as a key and slot, tongue and groove, or simlar

consTT uct i oB51eahdi ghdsd EyﬂihdeylBﬁdea:&Bthﬁuiﬂdnﬁailad|onknpéﬁ§hﬁﬁesidum
installed on opposite sides of second cylinder 352. Second nmandrel neans 60
wi |l nove |ofigseéadndatyyinddrr 36at.e Secomsbhmaguined fMadns Hkseike mdrages
in a simlar manner as previously described when using cylinders 51, 52,
and 53. Thelpngitudindédyr apdi cotasei [inusespanse dfo driluid @ressbORli nent s

of the present invention. Those skilled in the art wil| readil see ot her
vari ati ons @p@ngedi Ltncat sémilart Rennede s PILRY Houshit HesQhe bfvhen
i nvention. CLAI MS 1. Apparatus for cleaning flow conductors

u51ng cylinders 51, 52, and 53.

The previous description is illustrative of only some

N embodiments of the present invention. Those skilled in the

~art will readily see other variations and modifications witnout

départing from the scope of the invention,



.
Conpr i Si o “\ first mandrel means and second mandrel neans with a
%W\“f passageway extendi ng through each; b. means for
‘; 1Mr ote &nd of the first mandrel means to a source of cleaning
flfuid; c. t he second mandrel neans bﬁgsg slidably disposed within the
first mandrel neans and a portion of the second mandrel neans extendi ng
fromthe o .end of the first mandrel neans; d. pi ston neans attached
to the sec%ggiﬁgndrel'neans; e. one side of the piston neans arranged to
be exposed;to fluid Rﬁgéégws%@'eléaﬁihgngiwdeaﬁéu&e%passag_ewy and
the other side of the prston nmeans arrangéd to be exposed to fluid pressg&g
exterior teohppifingt mandrel means whereby fluid pressure on the one si
of the piston neans"wi Il nove the second mandrel neans longitudinally to a
further extended, posii+e8 mehatéYeméanéi 468 S8OOIE! m&RAHEL heansneans for
bi asi ng the second mandrel neans to retract fromits further extended
position; g. meanswioh &rbosgatudgndbnflowdpassagevaepeektehdihg second

mandrel neans into rotati onal novenent; and
' through each; :

b. means for connecting one end of the first
mandrel means to a source of cleaning fluid;

C. the second mandrel means being slidably disposed
within'fhe-first mandrel means and a portion of o/
the second mandrel means extending from the

other end of the first mandrel means;

d. piston means attached to the second mandrel
means;
e. one side of the piston means'arranged to be

exposed to fluid pressure within the
longitudinal flow passageway and the other side
of the piston means arranged to be exposed to
fluid pressure e#terior to the first mandrel
means whereby fluid pressure on the one side of
the piston means will move tﬁe seﬁond mandrel
means longitudinally to a further extended
position relative to first mandrel means:

f. means for biasing the Sedond mandrel means to
retract from its further extended position:

g.' means for translating longitudinal movement of
the second mandrel means into rotational

movement; and



;ortig; othhe chong na;dPél nggﬁgse;?;ngfagcpiggl?hglfﬂ“l“ﬂ“kNHHHHPEHNﬁS.

2.. Appar.atus as defined in claim1 wherein the trdansFattng" nfans
conprises: a. first, second and third cylinders di sposed between the
interior of ‘the first mandrel means and t exterior of the second nmandrel
nmeans; b. nmeans for securing the second linder to the exterior of the

] d drel i I

Secon Tondren oIS WY 4e 3RS d Mty eS¢ e

cylj nder and the secon%q(})giidg)d%rg_ “{‘Necge%@ﬁtq eANArR1NfeahS @I,gt@“éj]t;fg second
one di

cyl ifider to rotate onl n rection relative to the first cylinder; d.

a second set of ratchetedReidhelFilkid #adAr&1 aRnishi rd cylinder and the

second cylinder which abut each other to allowthe third cylinder to rotate
only in the opposite direction relative to the second cylinder; e. a
first indexing pin between the first mandrel neans ‘and a control slot in
the first cylRi.nder to @ppardtus eddedigiedudnnallatovaneherefin lvhef i r st
cylinder relative to the first mandrel '

translating means comprises:

a. first, second and third cylinders disposed
between the interior of the first mandrel means

and the exterior of the second mandrel means;

\*/ b. means fbr securing the second qylinder to thé
exte:ior of the second mandrel means whereby the
second cylinder and second mandrel means move in
unison;

c. a first set of ratchet teeth on the ends of the
first cylinder and the second cylinder which
abut each other to allow the second cylinder to
rotate only in one direction relative to the
first cylinder; .

N d. a second set of ratchet teeth on the ends of the

third cylinder and the second cylinder which
abut each other to allow the third cylinder to
rotate only in the opposite direction relative
to the second cylinder;

e. a first indexing pin between the first mandrel
means and a control slot in the first cyiinder
to allow limited longitudinal movement of the
first cylinder relative to the first mandrel

means;



négﬁgr—__‘rT“‘a—seeend I ndexi ng pin between the first nmandrel nmeans and a
co”"lm” ! ' third cylinder to allow limted | ongitudinal novenent
of m ,"”mlg er relative to the first mandrel nears; and.,g. °~ one of
t he* cont rol wsl ot syei ng formed at an angg @ wher eby | ongitudjnal movenent of .,
its respective cylinder with respect to 1ts indexing pin results in partial _

rotation of thegyliRd@ecodd indexingPpPandbetwdendehiened st Hladidhed

wherein: a. t he indexing pins and control slots allow limted

| ongi t udi nal novenmenmeahst Agidr ar edpegolveley indeher ehdiidveylld des- second .
cylinder; and b.  biasing neans urge both sets of ratchet teeth into ggf
engagenent. 4. toAppabat ldmitedefliongd tudiakai noRement aifmthasher ei n

the ratchet teeth allow rotation of the second mandrel means only as it
noves to its further thitrdnadydipdert redative to theAfpasdt mandsedefi ned in
any one of clains 2 to 4 wherein the ratchet teeth prevent rotation of the
second mandrel neansmg@nsSé BBANg retracted by the biasing neans. 6.

Apparatus as defined in any one of clainms 2.to 5 _
g. one of the control slots being formed at an

angle whereby longitudinai'movement of its

respective cylinder with respect to its indexing

piﬁ fesults in partial rotation of the cylinder.
3. Apparafus as defined inlclaim 2 wherein:

a.. the indexing pins and control slots allow
limitedwlongitudinal movément of their
respective cylinder relative to the second
dylindér}'and.

b. biasing means urgé both sets of ratchet teeth

into engagement.

4. Apparatus as defined in claim 2 or.claim 3 -~
wherein the ratchet teeth allow rotation of the second
mahdrel means only'és it movés to its furthér extended
position.

5. Apparatus as defined in aﬁy one of claims 2 to 4
wherein thé-ratchet teeth prevent rotation of the'second

mandrel means while being retrécted by the biasing means.

6. Apparatus as defined in'any'one of claims 2 to 5



wherein one cylinder has nultiple control slots forned at S
relative to the longitudinal flow passageway whereby the H"‘ mm!%“mn
can be preselected by inserting the indexing pin into differea .
slots. 7. Apparatus as defined in ne of the preceding clains
further conprising a plurality of fluid jets in the cleaning tool whereby

fluid i'n the |ongitudinal flow passageway can exit via the f|UId jets to

clean the i nf”é‘telr Ly ong, eyiigeohdsc Mol tipLe controd, siohs, formedh@thed in
claim?7 mher urallt of. fluid jets are near .the I r end of the
cl eqni ng too @58: ﬁ SIRHYE g@c&%‘ﬁ H’@ﬁ@ﬁ' Suces
hydraul i c -dri] I | %e‘@e? ttlf'xee %Im% gﬂft ?‘%tat%. par atus as

[ [ C fboFaPhrt

defined.in c a|n1 cllarm8-“wherein t eaning conpri ses:

a. an obl o e n
ext endi ng Ia?g-ral 'y t rou h ﬂ}ég@\-/tgsg‘%ﬂiéo a Q%' gngé?ﬁ 2’8 1p| wigl}%ﬂeg&s

proj ect ed agaioptirdihgiligyseri or of the flom/conductor adj acent thereto. 10.
Apparatus as defined in any one of the preceding clains further conprising:

7. Apparatus as defined in any one of the preceding
claims further comprising a plurality of fluid jets in the
cleaning tool whereby fluid in the longitudinal flow
passageway can exit via the fluid jets to clean the

~

~interior of the flow conductor.

8. Apparatus as defined in claim 7 wherein the
plurality of fluid jets are near the lower end of the
cleaning tocl whereby rotation of the second mandrel means

produces hydraulic drilling action with the cleaning tool.

9. . . Apparatus as defined in claim 7 or claim 8
.&U/' wherein the cleaning tool further comprises:
a. .an oblong vessel with a fluid chamber therein;
and |
b. the jets extending laterally through the vessel
to allow cleaning fluid to be projected agéinst
the.interior of the flow conductor adjacent

thereto.

10. | Apparatus as defined in any one of the preceding

claims further comprising:



snal ﬁﬁ‘ﬁ t er tubing providing the source of cleaning fluid; and b.

“R‘“\m“‘é nmeans sized to be disposed within a downhol e vveII

Apparatus as defined [n any one of the preceding clains
wher%i ¥ t he outside diameter of the cl ng tool is substantially |arger
than the outside dianeter of the first mandrel neans. 12. The met hod
of cleaning theaintesnall odiamereer tubingopuovidingsthg sourceudbfng, an
i ndexi ng tool and a cleaning tool with fluid jets conprising: a.-
inserting into the veleaning Ebwidictandt he c0|I tubing with the indexing

tool and the cleanlng tOﬁﬁrattached i her et o; novi ng_t he coil tublnggéﬁ

| ongi t udi nal |y ®trou S| Tand dyﬁﬁﬁit%}z%%tF? ?%ed%$ﬁﬁﬁ?ﬂg t ool

positioned adjacent tp the interior. port he well flow conductor to
be cleaned; c.  supPt¥iHy 2193migt I%ﬁ%fp?éé% ® fromthe well surface

via the coil tubing to the indexing tool and the cleaning tool; d. novi ng

the cleaning tool l|ongitudinally by novenent of the coil tublng wher eby

cl ean 11 uigh exiting AfoaRddiss flqbd figa | I Uiy CbANUPOAEYrUbbds ghoan the

interior of the well conduct or adj acent
cla;ms wherein the outside dlameter of the cleaning tool

is substantiallyelarger than fhe.outside diameter of the
first'mandfel means. | |

12, The method of eleaning the iﬁteeior of a well
flow conductor using coil fubing, an indexing tool and a
cleaning tool w1th fluld Jets compr151ng.

a. lnsertlng into the well flow conductor the coil
tubing with the indexing tool and the cleaning
tool attached thereto;.

b; ﬁoving the coil tubing longitudinally through
the well flow conductor until the cleaning tool
is positioned adjacent to the intefior portien
of the well flow conductor to be cleaned; |

c. supplying cleening fluid pressure from the well
surface via the coil tubing to the 1ndex1ng tool
and the cleaning tool: |

d. mov1ng the cleenlng_tool lengitudinally by
movement of fhe coil tubing whereby clean flﬁid
exiting from the fluid jets in the cleaning tool
w1ll clean the 1nterlor of the well flow

conductor adJacent thereto.

<



e. nonentarily decreasing the cleaning fluid pressrﬂwﬂ u e
i ndexing tool to rotate the cleaning tool attached the¥ ) mﬁmn”"r
repeating steps d and e until the interior of the well f1%w"codugtor is

satisfactorily cleaned. 13. The methad of claim 12 further conprising
t.he step of sinstalling a cleaning tool wéTt he desired amount of standoff

between the fluid jets and the interior of the wel] flowc
thereto. 14. e. Themppenbar biy clerreasing theifiaaningt
the step of selecting the anount of rotatiopn by the clea
response to each presseF@SEpERgeuPRLied to g?@pﬁ? RVISER

described herein with FRFeFERERE

ductor adjac
¥idonpri sing

o8P S ratfreu

condifct ors, constructed and arragge?ﬁ%fgiggi%ﬁgg_Eﬁg%égégwhﬁ&bigéntiaIIy

anyi ng

T awi ngs.

ent

as
The

met hod of cleaning well flow conduc r;@i%gghétggéifj{Héa§n£g§£5fbgg herein

with reference to the Esg%npan I ng

the well flow conductor is satisfactorily

cleaned.

13. The method of claim 12 further comprising the

step of installing a cleaning tool with the desired amount

~— - of standoff between the fluid jets and the interior of the

-

well flow conductor adjacent thereto.

14, The method of claim 12 or claim 13 further

comprising the step of selecting the amount of rotation by

the cleaning tool in response to each pressure change.

15. Apparatus for cleaning flow conductors,

constructed and arranged for use and operation

el substantially as described herein with reference to the

accompanying drawings.

16. The method of cleaning well flow conductors,

substantially as described herein with reference to the

accompanying drawings.




